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APPEAL BRIEF 



REAL PARTY IN INTEREST 

The real part of interest in the present appeal is The Tmstees of the University 
of Pennsylvania, the assignee of the above-referenced application. 



RELATED APPEALS AND INTERFERENCES 

Appellants, Appellants' Attorney, and the assignee of the above-referenced 
application are unaware of any appeals or interferences that will directly affect, be directly 
affected by, or have a bearing on, the Board's decision in the present Appeal. 

STATUS OF CLAIMS 

On May 13, 201 1, Appellants appealed from the final rejection of claims 1, 
1 1, 12, 20, 21, 24 to 26, 74 and 75. As originally filed, the case included claims 1 to 72. In 
the Restriction Action of April 6, 2006, Appellants were requested to elect a group and 
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species. In the Preliminary Amendment/Restriction Response of September 6, 2006, 
Appellants elected Group I (claims 1 to 5), and arthritis species for claim 20, with traverse, 
and added new claim 73. In the first Office Action of November 29, 2006, the Office had 
been persuaded to prosecute claims 1 to 26 and 73; withdrawing claims 27 to 72 from 
consideration. In the Response of May 25, 2007, Appellants cancelled claims 2, 4, 5, 7, 9, 
10, 14, 16, 17, and 27 to 72. In Appellant's Response and Request for Continued 
Examination of December 10, 2007, claims 3, 8, 15, 22 and 23 were cancelled. No claims 
were added or cancelled in Appellant's Response of August 8, 2008. No claims were added 
or cancelled in Appellant's Response of April 21, 2009. In Appellant's Response of March 
15, 2010, claims 6, 13, 18, 19 and 73 were cancelled, and new claims 74 and 75 were added. 
No claims were added or cancelled in Appellant's Response of November 15, 2010. 
Accordingly, Appellant believes that claims 1, 11, 12, 20, 21, 24 to 26, 74 and 75 remain 
pending and under consideration. 

STATEMENT OF AMENDMENTS 

The no claims were amended in the most recent Response of May 13, 201 1, to 
the final Office Action of February 15, 201 1 . Accordingly, the appealed claims are the 
claims as provided in the Amendment dated November 15, 2010, as filed in response to the 
Office Action dated June 16, 2010. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Appellants' invention provides, e.g., a method of treatment by selecting a 
patient with immune hyperactivity, and administering an effective amount of an IL-27R 
agonist to the patient. Such methods are described throughout the specification and Figures. 

Independent claim 1 is directed to, e.g., methods of treatment by selecting a 
patient with immune hyperactivity, and administering an effective amount of an IL-27R 
agonist to the patient, wherein the agonist is selected from the group consisting of IL-27, an 
active fragment of IL-27, an agonistic antibody, and a IL-27R binding antibody fragment that 
enhances IL-27R activity. Support for this subject matter can be found, e.g., in a 
combination of original claims 1 and 3. Further support can be found, e.g., at paragraphs 8, 
9, 225, 232 and 237, as published. 
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Independent claim 24 is directed to, e.g., methods for suppressing a T-helper 
cell mediated immune response independent of polarization of the immune response in a 
patient in need thereof. The methods comprise administering to a patient in need an effective 
amount of an IL-27R agonist. The agonist can be IL-27, an active fragment of IL-27, an 
agonistic antibody, and a IL-27R binding antibody fragment that enhances IL-27R activity. 
Support for the T-helper aspect can be found, e.g., at paragraphs 244 to 246. Support for the 
listed administered ligands can be found, e.g., at paragraphs 8, 9 and 60 of the original 
specification, and the original claims. 

Dependent claims 11, 12, 25 and 26 are essentially in original form, but for 
changing dependency from cancelled claims. The claims are directed to the nature of T- 
helper cells involved in the immune hyperactivity. Support for the Thl and Th2 aspects can 
be found, e.g., at paragraphs 8, 22, 23, 66 to 69 and 208. 

Regarding dependent claims 20 and 22, they are essentially in original form, 
but for changing dependency from cancelled claims. The claims are directed to the aspect of 
immune disorders patients may present. Support for the immune disorder aspects can be 
found, e.g., in the original claims and at paragraphs 66 to 70, 242 and 243. 

Regarding dependent claims 74 and 75, are directed to types of hyperactivity 
mediation. The mediation of the hyperactivity is supported, e.g., at paragraphs 68 to 70. 

The appealed claims are set forth in Appendix A. 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

In the final Office Action dated February 2, 201 1, all pending claims (1, 11, 
12, 20, 21, 24 to 26, 74 and 75) were rejected under 35 U.S.C. §102, as allegedly anticipated 
by any of four cited references. That is, claims 1, 1 1, 12, 20, 21, 24 to 26, 74 and 75 were 
rejected under 35 U.S.C. § 102(a) as allegedly anticipated by Timans et al. (U.S. 
2002/0164609); claims 1,11,12, 20, 21, 24 to 26, 74 and 75 were rejected under 35 U.S.C. 
§ 102(b) as allegedly anticipated by DeSauvage et al. (WOO 1/029070); claims 1, 11, 12, 20, 
21, 24 to 26, 74 and 75 were rejected under 35 U.S.C. § 102(b) as allegedly anticipated by 
Bennett at al. (WO97/025425); and 1, 11, 12, 20, 21, 24 to 26, 74 and 75 under 35 U.S.C. 
§ 102(e) as allegedly anticipated by Matthews et al. (U.S. 7,074,397). 
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Appellants request review of these rejections. 

Further, the Office has failed to acknowledge the rightful priority date of the 
provisional application filing dates in this case. Appellants request review of the priority 
date in this case. 

Claims 1, 11, 12, 20, 74 and 75 have been previously provisionally rejected 
based on alleged obvious-type double patenting related to copending application 11/880,121. 
However, Appellants believe this issue has been resolved by the filing of a Terminal 
Disclaimer in the Response of May 13, 201 1. 

ARGUMENT 

I. The Priority Claim is Valid to Filed Provisional Applications. 

Benefit of the filing dates of provisional application 60/444,494, filed January 
31, 2003, and provisional application 60/519,074, filed November 10, 2003, was denied. As 
described in detail in the response filed December 10, 2007, and in the response filed August 
8, 2008, Applicants have presented a proper priority claim to both documents and 
respectfully request that priority be acknowledged. 

In provisional application 60/444,494, the inventive concept that the receptor 
for IL-27 is involved in control of the duration and intensity of immune responses in 
mammals is provided, e.g., in the 2nd column on page 10, where the role of IL-27R is 
described and proposed as a novel target for immune suppression. Also, page 5, and pages 9- 
10 further describe finding that the absence of IL-27R leads to immune hyperactivity. One of 
skill in the art would know based on this data to activate, e.g., with an agonist, IL-27R to 
suppress the immune system. In fact, the abstract clearly states and the data fully support 
that the receptor is an "antagonist of T-cell mediated immune hyperactivity." Therefore, with 
this guidance, one of skill would know, if the receptor antagonizes or blocks immune 
hyperactivity, to use an agonist or activator of the receptor to suppress the immune system as 
claimed. These concepts and data are reiterated in the 60/519,074 provisional application, 
e.g., at page 3, column 2, and page 10, column 2. 
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With regard to both provisional applications, the claimed invention described 
is that of using an agonist of IL-27R to suppress the immune system. This is explained in 
both provisional applications. The key concept embodied in the claimed invention is that 
activation of IL-27R can be used to suppress the immune system in contrast to the prior art's 
use of an agonist to activate the immune system. The concept currently in the claims spurred 
filing of the provisional applications. This concept is fiiUy supported in the specifications of 
both provisional applications and described in sufficient detail to enable the full scope of the 
claims. Applicants therefore respectfully request that the benefit claim be acknowledged. 

II. Rejection of Claims 1, 11, 12, 20, 21, 24 to 26, 74 and 75 Under 35 § 102 
is Inappropriate. 

The Final Office Action of February 2, 2011, alleges that claims 1, 11, 12, 20, 
21, 24 to 26, 74 and 75 anticipated by Timans et al. (U.S. 2002/0164609), DeSauvage et al. 
(WOO 1/029070), Bennett at al. (WO97/025425), and Matthews et al. (U.S. 7,074,397). 
Appellants traversed these rejections and stand by their arguments of record in prior 
Responses. The following arguments apply to each of the rejected claims 1, 11, 12, 20, 21, 
24 to 26, 74 and 75. However, please note the claims do not stand or fall together. 

As recently reaffirmed in Net Moneyin, Inc. v. Verisign, Inc., et al. No. 2007- 
1565, U.S. Court of Appeals for the Federal Circuit, 10/20/2008, 88 U.S.P.Q.2d 1751, to 
anticipate a claim, the elements of the claim must be in the prior art reference in the same 
arrangement as in the claim. The Federal Circuit explicitly stated, on page 15, that "Because 
the hallmark of anticipation is prior invention, the prior art reference — in order to anticipate 
under 35 U.S.C. § 102 — must not only disclose all elements of the claim within the four 
comers of the document, but must also disclose those elements "arranged as in the claim." 
Connell v. Sears, Roebuck & Co., Ill F.2d 1542, 1548 (Fed. Cir. 1983)." It further 
elaborates that "...our precedent informs that the 'arranged as in the claim' requirement 
applies to all claims and refers to the need for an anticipatory reference to show all of the 
limitations of the claims arranged or combined in the same way as recited in the claims...." 

To anticipate claim 1 and dependents thereto, the prior art must include both 
of the following steps: (1) a patient having immune hyperactivity must be selected; and (2) 
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that patient must be administered an effective amount of an IL-27R agonist, which agonist is 
selected from the group consisting of IL-27, an active fragment of IL-27, an agonistic 
antibody, and a IL-27R binding antibody fragment that enhances IL-27R activity. 

For claim 24 and dependents thereto, the prior art must show a patient needing 
suppression of a T-helper cell mediated immune response, independent of polarization of the 
immune response, is administered an effective amount of an IL-27R agonist, wherein said 
agonist is selected from the group consisting of IL-27, an active fragment of IL-27, an 
agonistic antibody, and a IL-27R binding antibody fragment that enhances IL-27R activity. 

The claims include method step and component aspects. Therefore, to support 
an anticipation rejection over the claimed invention, it is insufficient for a reference to 
merely disclose all the compositions involved in the claimed methods, e.g., IL-27, IL-27R 
and antibodies thereto. The reference must also specify the type of condition for which a 
patient is being treated and with which compounds that patient is treated. 

The present claims are directed to, e.g., the previously unknown, and 
contradicted, idea that immune hyperactivity can be treated with an Interleukin-27 receptor 
(1L-27R) agonist . The state of the art, as confirmed in the four cited references for the 
rejection, was that IL-27R agonists were useful in stimulating hematopoiesis and in fighting 
obesity and its sequelae. The cited references also confirm that one of skill at the time 
thought immune hyperactivity problems were best addressed with IL-27R antagonists , as will 
be discussed below. 

With regard to the rejection based on Timans , the Examiner alleges at page 4 
of the final Office Action that "Timans teaches the administration of IL-27 in the treatment 
of immune disorders and inflammation ... see especially paragraph 39." However, paragraph 
39 does not literally or inherently describe treatment of, e.g., inflammation with an IL-27R 
agonist. Paragraph 39 of Timans is as follows (emphases added): 

IL-D80 or IL-27 agonists [note this is not IL-27R agonist], or antagonists, may also 
act as functional or receptor antagonists. Thus . IL-D80, IL-27, WSX-l/TCCR [aka, 
IL-27R], or its antagonists, may be useful in the treatment of abnormal medical 
conditions, including immune disorders, e.g., T cell immune deficiencies. 
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inflammation, or tissue rejection, or in cardiovascular or neurophysiological 
conditions. 

No data is provided in Timans that could possibly support the idea that all four 
of these compounds, (p28, IL-27, WSX-1, and WSX-1 antagonists) can or should be used to 
treat both immune deficiencies and inflammation. This disclosure relied on as a basis of the 
rejection is illogical, ambiguous, inteipreted without regard to the document as a whole, and 
does not actually or inherently disclose all the limits of the claims. 

The paragraph suggests that because IL-27 agonists (not IL-27R agonists) 
may act as antagonists, a list of peptides, or their antagonists, may be useful in treatment of a 
list of this or that disorder. How is it to be interpreted? Suppose a reference disclosed birds 
or fish may also fly or swim using feathers or scales. This does not teach one of skill in the 
art anything in particular. For example, does this teach that fish fly using feathers; or that 
birds fly using scales; etc? Such statements are ambiguous and can not teach a specific, 
without the benefit of impermissible hindsight. At most, one of skill would have to refer to 
the document as a whole to understand what the author may have meant to say. 

If paragraph 39 must be considered, then the teachings of Timans, as a whole, 
should be considered to help clarify the ambiguities. When Timans discusses IL-27 and IL- 
27R specifically, the ambiguity is cleared. For example, at paragraphs 160 and 161 of 
Timans (emphasis added): 

Experimental data indicates a possible role for the IL-27 composite cytokine in 
driving an inflammatory response. ... Taken together the above indicates a role for the 
composite cytokine [having the IL-27 ligand] and its associated receptor subunit 
WSX-l/TCCR in inflammatory responses. Therefore antagonizing the function of any 

of the components in the receptor subunitrligand complex should have a beneficial 
effect in inflammatory diseases, e.g., inflammatory bowel disease, rheumatoid 
arthritis, etc. 

As discussed above, it is not clear from reading paragraph 39 whether IL-27R agonists "or" 
antagonists reduce inflammation. However Timmons further expounds at paragraphs 132, 
135 and 161 to confirm the specific teaching (contrary to the present claims) that antagonists. 
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not agonists, are expected to reduce inflammation (which can include aspects of immune 
hyperactivity). This is also what one of skill would have expected, based on the state of 
knowledge at the time (see, state of knowledge reviewed starting at page 9 of the March 15, 
2010 Response). 

Further, the statement of paragraph 39 can not be said to teach the claims 
because the premise of the argument does not support the conclusion. That is, because 
agonists or antagonists of IL-27 may have certain functions, it is not logical to conclude that 
it is useful to treat with IL-27 itself. Such a statement does not logically lead to the 
conclusion that IL-27R agonists would be useful against immune hyperactivity. Because the 
statement of paragraph 39 is illogical on its face, it can not stand as a basis for the rejection. 

Moreover, assuming the statement were logical (and it is not), it still does not 
inherently disclose the specific relationships of the claimed methods. See, e.g.. Ex parte 
Levy, 17 USPQ2d 1461, 1464 (Bd. Pat. App. & Inter. 1990), Continental Can Co. USA v. 
Monsanto Co., 948 F.2d 1264, 1268, 20 USPQ2d 1746, 1749 (Fed. Cir. 1991), and In re 
Oelrich , 666 F.2d 578, 581 - 82, 212 USPQ 323, 326 (CCPA 1981), wherein allegedly 
inherent characteristic must necessarily flow in every case from the teachings of the applied 
prior art. That is, e.g., a statement suggesting that this or that peptide may treat disease 1 or 
disease 2, does not specify which peptide may treat which disease. Even as a generic 
concept, it does not disclose a specific lesson. At best, the statement suggests something that 
may be looked in to. The statement does not inherently teach the claimed methods because 
the statement does not necessarily arrive at the present claims in every case. Here, particular 
peptides may be associated with the treatment cited in hindsight, or it may be associated with 
a different treatment. Because a peptide may be associated with a treatment outside the 
present methods, it does not necessarily (inherently) describe the claimed methods. 

Because the key cited statement of Timans is illogical, one of skill can not 
learn even a generic concept from paragraph 39. Ignoring the lack of foundation, the 
statement still does not inherently disclose the specific limitations of the claims. Further, 
reviewing Timans for an explanation of the illogical and ambiguous statement of paragraph 
39, one finds an explanation that confirms Timans' directs one of skill to understand, e.g., 
immune hyperactivity should be treated with antagonists, as was the common knowledge at 
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the time, contrary to the methods of the claims. Further, because Timans is not prior art 
(with recognition of the rightful priority claim) to the present application, it can not anticipate 
the claims. Because Timans fails to anticipate the present claims for any number of reasons, 
Appellants respectfully request the rejection be withdrawn. 

With regard to the rejection based on DeSauvage . the Examiner allegedly 
finds the present claims in the statement at Part 1 1 (page 59, starting at line 27; paragraph 
344, as published) of DeSauvage: 

It is contemplated that the polypeptides, antibodies and other active compounds of the 
present invention may be used to treat various immune related diseases and 
conditions, such as T cell mediated diseases, including those characterized by 

infiltration of inflammatory cells into a tissue, stimulation of T-cell proliferation, 
inhibition of T-cell proliferation, increased or decreased vascular permeability or the 
inhibition thereof. 

What are "the active compounds of the present invention" in DeSauvage? The claimed 
invention in DeSauvage is a method of enhancing, stimulating or potentiating the 
differentiation of T-cells into the Th2 subtype instead of the Thl subtype, comprising 
contacting said T-cells with an effective amount of a TCCR [IL-27R] antagonist . See 
DeSauvage, claim 1. The DeSauvage compounds are antagonists, not agonists of the IL- 
27R. 

Further evidence identifying the DeSauvage active compounds can be found 
throughout the reference. The active compounds are all antagonists. In the section entitled 
Uses for Anti-TCCR Antibodies, starting at paragraph 331, for example, such antibodies are 
never described as useful therapeutics. The antibodies are only said to be useful as 
diagnostic reagents and in affinity purifications. IL-27 is never mentioned in DeSauvage. 

Other citations in the rejection seem irrelevant. For example, the statements 
in the Abstract and at page 63, line 36, speak in generalities and fail to suggest to one of skill, 
e.g., administration of the specific IL-27R agonists to a patient with immune hyperactivity. 
That is, e.g., a statement that "inhibition of molecules with proinflammatory properties may 
have therapeutic benefit," does not anticipate the claims. 
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In short, DeSauvage may employ TCCR antagonists against inflammation, but 
DeSauvage never suggests agonists may be beneficial. Further, among the extensive list of 
active compounds, none overlap those specifically listed in the claims as agonists for 
treatment of immune hyperactivity. Because DeSauvage does not disclose all limitations of 
the claims, Appellants respectfully request withdrawal of the rejections for alleged 
anticipation. 

With regard to the rejection based on Bennett , the Examiner allegedly finds 
disclosure of the present claims in the statements of Bennett at pages 4 and 5 that agonist 
antibodies "are useful for activating the WSX receptor for in vitro uses whereby 
enhancement of proliferation and/or differentiation of a cell comprising the receptor is 
desired." The paragraph goes on to say "these antibodies may be used to treat conditions in 
which an effective amount of WSX receptor activation leads to a therapeutic benefit", as 
cited in the rejection. Bennett goes on to clai ify that WSX agonist antibodies function in 
decreasing obesity (and indirectly the sequelae of obesity) and in hematopoiesis. However, 
lL-27 is not ever mentioned in Bennett. Although Bennett lists a large number of indications 
for agonist treatment, this is in the context of immune stimulation benefits for those 
conditions. That is, Bennett never discloses patients with immune hyperactivity would 
benefit from agonist treatment. In fact, one of skill would understand the opposite from 
reading Bennett. 

If a piece of prior art does not expressly disclose a limitation, there can be 
anticipation only if a person of ordinary skill in the art would understand the prior art to 
disclose the limitation and could combine the prior art description with his own knowledge to 
make the claimed invention. See, Helifix Ltd. v. Blok-Lok, Ltd., 208 F.3d 1339, 1347 [54 
USPQ2d 1299] (Fed. Cir. 2000). Here, Bennett discloses immune activity stimulation from 
IL-27R agonists and this was the understanding of one of skill in the art at the time. 
Therefore, Bennett can not be considered to disclose the present methods. 

At page 7 of the final Office Action, the Examiner attempts to link agonist 
antibody administration with immune hyperactivity. However, this fails because the 
conditions are disclosed only as conditions requiring enhanced immune activity or reduction 
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of obesity. That is, Bennett teaches only agonist antibody treatments activating immune 
systems, not the opposite methods of treating a patient having immune hyperactivity. 

For example, the key citations of treatments with antibody agonists at page 5 
(e.g., line 25) of Bennett are directed to methods "for treating the medical sequelae of 
obesity" including sequelae having some overlap with immune disorders listed in present 
claim 21 (discussed below). This does not prompt one of skill to select patients with immune 
hyperactivity for treatment. Further note, the overlapping sequelae are not disclosed as 
directly treated by reduction of immune hyperactivity, but, e.g., as benefiting from reduction 
of the causative obesity. Further evidence is at page 56, line 16, where diabetes treatment is 
not by reduction of an immune hyperactivity, but by restoration of "insulin sensitivity in 
patients." The treatments of obesity sequelae are not expressly disclosed or inherently based 
on immune activity reduction. 

Elsewhere, "the invention provides a method for stimulating proliferation 
and/or differentiation of a cell [e.g.,] hematopoietic precursor, e.g., a CD34+ cell." Bennett 
discusses immune stimulation and proliferation treatments, but never the opposite problem of 
reducing immune hyperactivity with WSX agonist antibodies. For example, at page 6, line 
11, treatment is to "benefit from an increase in various blood cells"; and at line 15, "benefit 
from enhancement of lymphopoiesis [including a list of ailments, such as SLE] and other 
disorders characterized by lymphocyte deficiency ." Emphasis added. 

At line 27, a large listing is provided of "disorders in which an increase in 
erythropoiesis may be beneficial." Contrary to the methods of the claims, all of the listed 
medical conditions cited by the Examiner as present in dependent claim 21 are disclosed in 
Bennett as requiring additional immune activity for treatment, not reduced activity as in the 
claims. Therefore, Bennett can not reasonably be interpreted as teaching one of skill to select 
of patients with immune hyperactivity, as required for a rejection. Nor can it be suggested 
that Bennett teaches one of skill to administer an effective amount of agonist to treat immune 
hyperactivity. To the contrary, Bennett teaches the opposite. 

Appellants note that medical disorders present diverse modes of pathology 
and symptoms. The various symptoms can result from different interactions between the 
patient and pathological agent. This is why, e.g., a patient with one condition often requires 
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a variety of drugs to treat all the symptoms. That is, a patient with a disorder presenting 
multiple symptoms or conditions thought separately to benefit immune stimulation and also 
immune moderation. Patients are often prescribed conflicting medicines to address different 
symptoms of a disorder. For example, in inflammation from an infection, or in allergic 
response to a parasite, a patient can benefit optionally from either immune moderation to 
reduce the swelling and itching and/or immune stimulation to directly attack the pathogen. 
Therefore, just because disorders cited as benefiting from immune stimulation by agonists in 
Bennett happen to overlap with, e.g., disorders benefiting from reduction of immune 
hyperactivity in dependent claim 21 does not show that Bennett disclosed reducing immune 
hyperactivity of patients with IL-27R agonists . To the contrary. 

Because Bennett does not disclose to one of skill in the art 1) that IL-27R 
agonists reduce immune hyperactivity, 2) the idea of selecting a patient with immune 

hyperactivity for treatment of symptoms with an 1L-27R agonist, or 3) administering an 
amount of IL-27R agonist in treatment of such a hyperactivity, the claims can not be 
considered anticipated by Bennett. 

With regard to the rejection based on Matthews , again the disclosure directs 
one of skill in the art to employ agonist antibodies to "stimulate proliferation of 
hematopoietic stem cells", not to treat patents having immune hyperactivity. As with 
Bennett, Matthews only teaches the then common knowledge that WSX stimulates blood cell 
proliferation (column 44, line 25) and is useful in fighting obesity (column 50, line 49). 

At page 8 of the final Office Action the Examiner presents a long list of 
citations allegedly responding to Appellants' request that "the examiner point out where ... an 
agonist ... of IL-27R ... is mentioned specifically in connection with treating immune 
hypersensitivity." Appellants appreciate that the Examiner finally presented the long 
requested specific citations. However, careful review of each citation shows Matthews 
teaching one of skill in the art IL-27R agonists employed to stimulate immune responses and 
activity not to, e.g., treat a problem identified as resulting from immune hyperactivity. 
Matthews discloses selecting patients requiring a boost in immune activity, not selecting 
patients with immune hyperactivity, as required in the claims. 
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For example, cited column 3, line 38, discusses methods of "stimulating 
proliferation ... of cells." Column 3, line 47, discloses binding of agonist antibody in the 
context of proliferation of lymphoid and myeloid cells. Column 14, line 61 discloses only 
that agonist antibody activates WSX. Column 17, line 14, discloses "agonist antibodies, may 
be used to stimulate proliferation ..." Column 44, line 22, discloses utilities of WSX receptor 
antibodies, including induction of proliferation and affinity purification. There is no column 
80 in Matthews. Column 45, line 36, discloses only receptor antibody preparation. The 
Examiner has only presented disclosures that direct one of skill in the art to understand that 
WSX receptor agonist antibodies stimulate immune systems. Reading the citations of the 
Examiner, one of skill would be led to understand that WSX receptor agonists are useful in 
stimulating immune response and to select patients having, e.g., immune hypo activity for 
treatment. 

As with Bennett, there may be slight coincidental overlap between the large 
lists of disorders in the reference and dependent claim 21. However, as discussed above, 
diseases are complex and may have a variety of causes and symptoms that can be treated by a 
variety of therapeutics, some having conflicting modes of operation (as is well known in the 
pharmaceutical arts). Yet, this does not change the fact that the disclosure of Matthews leads 
one of skill in the art to understand anti-WSX agonists are useful in immune stimulation and 
that patents having hypoimmunity problems would benefit from treatment. 

Because Matthews does not teach at least the claim limitations of selecting a 
patient having immune hyperactivity, of administering agonists in an amount effective in 
treating the hyperactivity, the claims are not anticipated by Matthews. 
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CONCLUSION 

Applicants submit that the Examiner's rejection of claims 1, 11, 12, 20, 21, 24 
to 26, 74 and 75 is improper. Withdrawal of theses rejections by the Examiner or reversal of 
the rejections by the Board is respectfully requested. 

The Commissioner is authorized to charge the fee under 37 C.F.R. § 1.17(c) 
and any other required fees, or to credit any overpayments, to Deposit Account 50-0893. 

If a telephone conference would expedite prosecution of the above-identified 
application, the Examiner is invited to phone the undersigned at (510) 769-3510. 



QuiNE Intellectual Property Law Group Respectfully submitted, 
P.O. BOX 458, Alameda, CA 94501 
Tel: 510 769-3510 

Fax: 510 337-7877 /gary baker/ 

PTO Customer No.: 22798 Gary Baker 

Deposit Account No.: 50-0893 Reg. No: 41,595 



Attachments: 

1) Appendix A - Appealed Claims for 10/768,744; 

2) Appendices B and C 
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APPENDIX A 
APPEALED CLAIMS FOR 10/768,744 

I (Previously Presented). A method of treating a patient, which comprises: 

selecting a patient with inmiune hyperactivity; and 

administering to said patient an effective amount of an IL-27R 
agonist, wherein said agonist is selected from the group consisting of IL-27, an 
active fragment of IL-27, an agonistic antibody, and a IL-27R binding antibody 
fragment that enhances IL-27R activity. 

2-10 (Cancelled). 

II (Previously Presented). The method of claim 74, wherein said T-helper 
cell isThl. 

12 (Previously Presented). The method of claim 74, wherein said T-helper 
cell is Th2. 

13-19 (Cancelled). 

20 (Previously Presented). The method of claim 1, wherein said patient has 
an immune disorder selected from the group consisting of autoimmune 
disorders, hypersensitivity disorders, allergies, and asthma. 
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21 (Previously Presented). The method of claim 20, wherein said immune 
disorder is selected from the group consisting of: acute pancreatitis; Addison's 
disease; alcohol-induced liver injury; Alzheimer's disease; amyotrophic lateral 
sclerosis; asthma; pulmonary diseases; atherosclerosis; autoimmune vasculitis; 
autoimmune hepatitis-induced hepatic injury; cachexia/anorexia; AIDS-induced 
cachexia; multiple myeloma; leukemia; myelogenous leukemia; tumor 
metastasis; chronic fatigue syndrome; congestive heart failure; coronary 
restenosis; myocardial dysfunction; a coronary artery bypass graft associated 
condition; juvenile onset Type 1 diabetes; diabetes mellitus insulin resistance; 
endometriosis; endometritis; endometriosis/endometritis related condition; 
epididymitis; erythropoietin resistance; fever; fibromyalgia; analgesia; 
glomerulonephritis; graft versus host disease/transplant rejection; Graves' 
disease; Guillain-Barre syndrome; Hashimoto's disease; hemolytic anemia; 
hemorrhagic shock; hyperalgesia; inflammatory bowel disease; ulcerative 
colitis; Crohn's disease; an inflammatory condition of a joint; rheumatic 
diseases; osteoarthritis; rheumatoid arthritis; juvenile (rheumatoid) arthritis; 
seronegative polyarthritis; ankylosing spondylitis; Reiter's syndrome; reactive 
arthritis; Still's disease; enteropathic arthritis; polymyositis; dermatomyositis; 
scleroderma; systemic sclerosis; cerebral vasculitis; Lyme disease; 
staphylococcal induced arthritis; Sjogren's syndrome; rheumatic fever; 



Page 2 of 4 



polychondritis; polymyalgia rheumatica; giant cell arteritis; inflammatory eye 
disease; corneal transplant associated inflammatory eye disease; inflammatory 
bowel disease; Kawasaki's disease; lung disease; lupus nephritis; multiple 
sclerosis; myasthenia gravis; myopathiceneuroinflammatory disease; uveitis; 
osteoporosis; Parkinson's disease; pemphigus; Pityriasis rubra pilaris; 
prostatitis; a prostatitis related conditions; psoriasis; a psoriasis related 
condition; psoriatic arthritis; pulmonary fibrosis; reperfusion injury; 
sarcoidosis; scleroderma; septic shock; sleep disturbance; 
spondyloarthropathies; systemic lupus erythematosus; temporal mandibular 
joint disease; thyroiditis; tissue transplantation; an inflammatory condition 
resulting from strain; an inflammatory condition resulting from sprain; an 
inflammatory condition resulting from cartilage damage; an inflammatory 
condition resulting from trauma; an inflammatory condition resulting from 
orthopedic surgery; an inflammatory condition resulting from infection; 
transplant rejection; and vasculitis. 

22 and 23 (Cancelled). 

24 (Previously Presented). A method for suppressing a T-helper cell 
mediated immune response independent of polarization of the immune response 
in a patient in need thereof, which comprises administering to said patient an 
effective amount of an IL-27R agonist, wherein said agonist is selected from the 
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group consisting of IL-27, an active fragment of IL-27, an agonistic antibody, 
and a IL-27R binding antibody fragment that enhances IL-27R activity. 

25 (Previously Presented). The method of claim 24, wherein said T-helper 
cell is Thl. 

26 (Previously Presented). The method of claim 24, wherein said T-helper 

cell is Th2. 

27 to 73 (Cancelled). 

74. (Previously Presented) The method of claim 1, wherein the inmiune 
hyperactivity is T-helper cell mediated immune hyperactivity. 

75. (Previously Presented) The method of claim 1, wherein the immune 
hyperactivity is interferon-y mediated immune hyperactivity. 
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WSX RECEPTOR AND LIKANDS 
CROSS REFERENCES 

This application is a continuation-in-part of co-pending U.S. Application Serial No. 08/667,197 filed 
June 20, 1996, which is a continuation-in-part of co-pending U.S. Application Serial No. 08/585,005 filed 
5 January 8, 1 9%, which applications are incorporated herein by reference and to which applications priority is 
claimed under 35 use §120. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention pertains generally to the WSX receptor and ligands and uses for these molecules. 
1 0 Description of Related Art 

A. HEMATOPOIESIS 

The process of blood cell formation whereby red and white blood cells are replaced through the division 
of cells located in the bone marrow is called hematopoiesis. For a review of hematopoiesis see Dexter and 
Spooncer(/4««. Rev. Cell Biol. 3:423-441 (1987)). 
1 5 There are many different types of blood cells which belong to distinct cell lineages. Along each lineage, 

there are cells at different stages of maWration. Mature blood cells are specialized for different functions. For 
example, erythrocytes are involved in Ot and COj transport; T and B lymphocytes are involved in cell and 
antibody mediated immune responses, respectively; platelets are required for blood cloning; and the granulocytes 
and macrophages act as general scavengers and accessory cells. Granulocytes can be further divided into 
20 basophils, eosinophils, neutrophils and mast cells. 

Each of the various blood cell types arises from pluripotent or totipotent stem cells which are able to 
undergo self-renewal ot give rise to progenitor cells or Colony Forming Units (CFU) that yield a more limited 
array of cell types. As stem cells progressively lose Aeir ability to self-renew, they become increasingly lineage 
restricted. It has been shown that stem cells can develop into multipotent cells (called "CFC-Mix" by Dexter and 
25 Spooncer, supra). Some of the CFC-Mix cells can undergo renewal whereas others lead to lineage-restricted 
progenitors which eventually develop into mature myeloid cells {e.g., neutrophils, megakaryocytes, macrophages 
and basophils). Similarly, pluripotent stem cells are able to give rise to PreB and PreT lymphoid cell lineages 
which diffoentiate into mature B and T lymphocytes, respectively. Progenitors are defmed by their progeny, e.g. , 
granulocyte/macrophage colony-forming progenitor cells (GM-CFU) differentiate into neutrophils or 
30 macrophages; primitive oythroid burst-forming units (BFU-E) differentiate into erythroid colony-forming units 
(CFU-E) which give rise to mature erythrocytes. Similarly, the Meg-CFU, Eos-CPU and Bas-CFU progenitors 
are able to differentiate into megakaryocytes, eosinophils and basophils, respectively. 

Hematopoietic growth factors (reviewed in Andrea, /V£/A/330(12):839-846 (1994)) have been shown 
to enhance growth and/or diflferaitiation of blood cells via activation of receptors present on the surface of blood 
35 progenitor cells of the bone marrow. While some of these growth factors stimulate proliferation of restricted 
lineages of blood cells, others enhance proliferation of multiple lineages of blood cells. For example, 
erythropoietin (EPO) supports the proliferation of erythroid cells, whereas interleukin-3 (lL-3) induces 
proliferation of erythroid and myeloid lineages and is dierefore considered a multi-lineage factor. 
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In recent years, several hematopoietic growth factor receptors have been isolated. Due to their low 
abundance and their existence in both high-affinity and low-afiinity forms, biochemical characterization of these 
receptors has been hampered. 

Cytokine receptors frequently assemble into multi-subunit complexes. Sometimes, the a subunit of this 
5 complex is involved in binding the cognate growth factor and the P-subunit may contain an ability to transduce 
a signal to the cell. These receptors have been assigned to three subfamilies depending on the complexes formed. 
Subfamily 1 includes the receptors for erythropoietin (EPO), granulocyte colony-stimulating factor (G-CSF), 
interleukin-4 (IL-4), interleukin-7 (lL-7), growth hormone (GH) and prolactin (PRL). Ligand binding to 
receptors belonging to this subfamily is thought to result in homodimerization of the receptor. Subfamily 2 
1 0 includes receptors for lL-3, granulocyte-macrophage colony-stimulating factor (GM-CSF), inter)eukin-5 (lL-5), 
interleukin-6 (IL-6), leukemia inhibitory factor (LIF), oncostatin M (OSM) and ciliary neurotrophic factor 
(CNTF). Subfamily 2 receptors are heterodimers having an a-subunit for ligand binding and p-subunit (either 
the shared p-subunit of the lL-3, GM-CSF and IL-5 receptors or the gpl 30 subunit of the IL-6, LIF, OSM and 
CNTF receptors) for signal transduction. Subfamily 3 contains only the interleukin-2 (IL-2) receptor. The p 
IS and Y subunits of the IL-2 receptor complex are cytokine-receptor polypeptides which associate with the a- 
subunit of the unrelated Tac antigen. 
B. OBESITY 

Obesity is the most common nutritional disorder which, according to recent epidemiologic studies, 
affects about one third of all Americans 20 years of age or older. Kuc23narski et al. ,J. Am. Med. Assoc. 272:205- 

20 1 1 (1994). Obesity is responsible for a variety of serious health problems, including cardiovascular disorders, 
type II diabetes, insulin-resistance, hypertension, hypertriglyceridemia, dysiipoproteinemia, and some forms of 
cancer Pi-Sunyer, P., Anns. Int. Med. 1 19: 655-60 (1993); Colfitz, G., Am. J. Clin. Nutr. 55:503S-507S (1992). 
A single-gene mutation (the obesity or "ob" mutation) has been shown to result in obesity and type II diabetes 
in mice. Friedman, Genomics 1 1:1054-1062 (1991). 

25 Zhang el al.. Nature 372:425-43 1 (1994) have recently reported the cloning and sequencing of the 

mouse ob gene and its human homologue, and suggested that the ob gene product, leptin or OB protein, may 
fiinction as part of a signalling pathway from adipose tissue that acts to regulate the size of the body fat depot. 
Parabiosis experiments performed more than 20 years ago predicted tfiat the genetically obese mouse containing 
two mutant copies of the ob gene (pb/ob mouse) does not produce a satiety factor which regulates its food intake, 

30 while the diabetic (db/db) mouse produces but does not respond to a satiety factor. Coleman and Hummal, Am. 
J. Physiol. 217:1298-1304 (1969); Coleman, Z3wAe/o/ 9:294-98 (1973). Recent reports by three independent 
research teams have demonstrated that daily injections of recombinant OB protein inhibit food intake and reduce 
body weight and fat in grossly obese ob/ob mice but not in db/db mice (Pelleymounter et al., Science 269:540-43 
(1995); Halaasef a/., &;/cnce 269:543-46 (1995); Campfield etal., Science269: 546-49 (1995)), suggesting that 

35 the OB protein is such a satiety factor as proposed in early cross-circulation studies. 

Researchers suggest that at least one OB receptor is localized in the brain. The identification and 
expression cloning ofa leptin receptor (OB-R) was repotted by Tartaglia«< a/. Ce// 83:1263-71 (1995). Various 
isoforms of a OB receptor are described by Cioffi etal. Nature 2:585-89 (1996). See, also, WO 96/085 10. 
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The mouse db gene has recently been cloned (Lee et al. Nature 379:632 (1996) and Chen et al. Cell 
84:49 1 -495 ( 1 996)). Previous data had suggested that the db gene encoded the receptor for the obese (pb) gene 
product, leptin (Coleman ef a/., Diebetologia 9:294-B (1973)and Coleman e/a/., Diebetologia 14:141-8 (1978)). 
It has been very recently confirmed that the db/db mouse results from a truncated splice variant of the OB 
5 receptor which likely renders the receptor defective in signal transduction (Lee et al.. Nature 379:632 (1996) 
and Chen et al.. Cell 84: 491-495 (1996)). 

SUMMARY OF THE INVENTION 
The invention herein is concerned with the WSX cytokine receptor and a soluble form of the receptor 
which is the WSX receptor extracellular domain (ECD). The WSX receptor polypeptides are optionally 
10 conjugated with, or fused to, molecules which increase the serum half-lives thereof and can be formulated as 
pharmaceutical compositions comprising the polypeptide and a physiologically acceptable carrier. 

In certain embodiments, the WSX receptor ECD may be used as an antagonist insofar as it may bind 
to WSX ligand and thereby reduce activation of endogenous WSX receptor. This may be useful in conditions 
characterized by excess levels of WSX ligand and/or excess WSX receptor activation in a mammal. WSX 
15 receptor ECD may, for example, be used to treat metabolic disorders (e.g., anorexia or steroid-induced 
truncalobesity), stem cell tumors and other tumors which express WSX receptor. 

Pharmaceutical compositions of the WSX receptor ECD may further include a WSX ligand. Such dual 
compositions may be beneficial where it is therapeutically usefiil to prolong the half-life of WSX ligand and/or 
activate endogenous WSX receptor directly as a heterotrimeric complex. 
20 The invention also relates to chimeric WSX receptor molecules, such as WSX receptor immunoadhesins 

(having long half-lives in the serum of a patient treated therewith) and epitope tagged WSX receptor. 
Immunoadhesins may be employed as WSX receptor antagonists in conditions or disorders in which 
neutralization of WSX receptor biological activity may be beneficial. Bispecific immunoadhesins (combining 
a WSX receptor ECD with a domain of another cytokine receptor) may form high affinity binding complexes 
25 for WSX ligand. 

The invention further provides methods for identifying a molecule which binds to and/or activates the 
WSX receptor. This is useful for discovering molecules (such as peptides, antibodies, and small molecules) 
which are agonists or antagonists of the WSX receptor. Such methods generally involve exposing an 
immobilized WSX receptor to a molecule suspected of binding thereto and determining binding of the molecule 

30 to the immobilized WSX receptor and/or evaluating whedier or not the molecule activates (or blocks activation 
of) the WSX receptor. In order to identify such WSX ligands, the WSX receptor may be expressed on the surface 
of a cell and used to screen libraries of synthetic compounds and naturally occurring compounds 
(ag.,endogenous sources of such naturally occurring compounds, such as serum). The WSX receptor can also 
be used as a diagnostic tool for measuring serum levels of endogenous WSX ligand. 

35 In a ftirther embodiment, a method for purifying a molecule which binds to the WSX receptor is 

provided. This can be used in the commercial production and purification of therapeutically active molecules 
which bind to this receptor. In the method, the molecule of interest (generally a composition comprising one or 
more contaminants) is adsorbed to immobilized WSX receptor (e.g., WSX receptor immunoadhesin immobilized 
on a protein A column). The contaminants, by vutue of dieir inability to bind to the WSX receptor, will 
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generally flow through the column. Accordingly, it is then possible to recover the molecule of interest from the 
column by changing the elution conditions, such that the molecule no longer binds to the immobilized receptor. 

In fijrther embodiments, the invention provides antibodies that specifically bind to the WSX receptor, 
Prefeired antibodies are monoclonal antibodies which are non-immunogenic in a human and bind to an epitope 
5 in the extracellular domain of the receptor. Preferred antibodies bind the WSX receptor with an affinity of at 
least about 10^ L/mole, more preferably 10^ L/mole. 

Antibodies which bind to the WSX receptor may optionally be fused to a heterol(^ous polypeptide and 
the antibody or fusion thereof may be used to isolate and purify WSX receptor from a source of the receptor. 

In a fiirther aspect, the invention provides a method for detecting the WSX receptor in vitro or in vivo 
1 0 comprising contacting the antibody with a sample suspected of containing the receptor and detecting if binding 
has occurred. Based on the observation herein that CD34+ cells possess WSX receptor, use of WSX antibodies 
for identification and/or enrichment of stem cell populations (in a similar manner to that in which CD34 
antibodies are presently used) is envisaged. 

For certain applications, it is desirable to have an agonist antibody which can be screened for as 
1 5 described herein. Such agonist antibodies are usefiil for activating the WSX receptor for in vitro uses whereby 
enhancement of proliferation and/or differentiation of a cell comprising the receptor is desired. Furthermore, 
these antibodies may be used to treat conditions in which an effective amount of WSX receptor activation leads 
to a therapeutic benefit in the mammal treated therewith. For example, the agonist antibody can be used to 
enhance survival, proliferation and/or differentiation of a cell comprising the WSX receptor. In particular, agonist 
20 antibodies and other WSX ligands may be used to stimulate proliferation of stem cells/progenitor cells either in 
vitro or in vivo. Other potential ther!q)eutic applications include the use of agonist antibodies to treat metabolic 
disorders (such as obesity and diabetes) and to promote kidney, liver or lung growth and/or repair (e.g., in renal 
failure). 

For therapeutic applications it is desirable to prepare a composition comprising the agonist antibody 
25 and a physiologically acceptable carrier. Optionally, such a composition may further comprise one or more 
cytokines. 

In other embodiments, the antibody is a neutralizing antibody. Such molecules can be used to treat 
conditions characterized by unwanted or excessive activation of the WSX receptor. 

In addition to the above, the invention provides isolated nucleic acid molecules, expression vectors and 
30 host cells encoding the WSX receptor which can be used in the recombinant production of WSX receptor as 
described herein. The isolated nucleic acid molecules and vectors are also useful for gene therapy applications 
to treat patients with WSX receptor defects and/or to increase responsiveness of cells to WSX ligand. 

This application also relates to agonist antibodies which specifically bind to the WSX receptor and 
mimic one or more biological activities of naturally occurring WSX ligand, OB protein. Preferred antibodies are 
35 those with a strong binding affinity for human WSX receptor {e.g. having a Kd of no more than about 1 x lO^M; 
and preferably no more than about 1 x lO^M). In preferred embodiments, the agonist antibody binds to both 
human and murine WSX receptor. 
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Antibodies with defined agonistic activity in a bioassay, die KIRA ELISA, are disclosed lierein. 
Preferred antibodies have an IC50 in the KIRA ELISA of about 0.5ng/ml or less, preferably about 0.2ng/ml or 
less, and most preferably about 0. 1 (ig/ml or less. 

The agonist antibodies of interest herein may have one or more of the biological characteristics of 
antibody 2D7, 1G4, IE! 1 or 1C1 1 (see Example 13) or clones 3, 4, or 17 (sec Example 14). For example, the 
antibody may bind to the epitope bound by any one of these antibodies, and/or may have some or all of the 
hypervariable region residues of these antibodies. 

The agonist antibody may be one which decreases body weight and/or fat-depot weight and/or food 
intake in an obese mammal {e.g. in an ob/ob mouse). The preferred agonist antibody is one which exerts an 
adipose-reducing effect in an obese mammal (e.g. an ob/ob mouse) which is in excess of that induced by a 
reduction in food intake (Levin etal. Proc. Natl. Acad. Sci. USA 93:1726-1730 (1996)). 

The agonist antibody may also have the property of inducing differentiation and/or proliferation and/or 
survival of hematopoietic progenitor cells. For example, the agonist antibody may induce lymphopoiesis, 
erythropoiesis and/or myelopoiesis. 

The invention further provides a composition comprising the agonist antibody and a physiologically 
acceptable carrier. The composition for therapeutic use is sterile and may be lyophilized. For use in 
hematopoiesis, for example, the composition may further comprise a cytokine. 

In another aspect, the invention provides a method for activating the WSX receptor which comprises 
exposing the WSX receptor to an amount of an agonist anti-WSX receptor antibody which is effective for 
activating the WSX receptor. The invention further provides a method for enhancing proliferation and/or 
difrerentiation of a cell which expresses the WSX receptor at its cell surface comprising exposing the cell to an 
amount of exogenous agonist anti-WSX receptor antibody which is effective for enhancing proliferation and/or 
differentiation of the cell. In another embodiment, the invention provides a method for decreasing body weight 
and/or fat-depot weight and/or food intake in an obese mammal {e.g. a human) comprising administering an 
effective amount of the agonist antibody to the mammal. Also, the invention provides a method for treating the 
medical sequelae of obesity in a mammal, such as, e.g., arteriosclerosis, Type II diabetes, polycystic ovarian 
disease, cardiovascular diseases, osteoarthritis, dermatological disorders, hypertension, insulin resistance, 
hypercholesterolemia, hypertriglyceridemia, cancer and cholelithiasis, comprising administering an effective 
amount of an agonist anti-WSX receptor antibody to the mammal. The mammal to be treated may be one 
diagnosed with any one or more of these diseases, or may be predisposed to these diseases. 

In another aspect, the present invention pertains to the discovery herein that WSX ligands, such as 
obesity (OB) protein, play a role in hematopoiesis via signalling through the WSX receptor. The role of the 
WSX receptor-ligand signalling pathway appears to be at the level of the early hematopoietic precursor as is 
evident by the ability of OB protein to simulate myelopoiesis, erythropoiesis {e.g. splenic erythropoiesis) and 
most dramatically, lymphopoiesis. Accordingly, WSX ligands can be used to stimulate proliferation and/or 
differentiation and/or survival of hematopoietic progenitor cells either in vitro or in vivo {e.g. for treating 
hematopoietic diseases or disorders). 

Thus, the invention provides a method for stimulating proliferation and/or differentiation of a cell which 
expresses the WSX receptor (especially die WSX receptor variant 13.2, which is demonstrated herein to have 
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the capacity to transmit a proliferative signal) at its cell surface comprising the step of contacting the WSX 
receptor with an amount of WSX iigand which is efTective for stimulating proliferation and/or OB protein 
differentiation of the cell. In prefered embodiments, the cell which is exposed to the WSX ligand is a 
hematopoeitic precursor, e.g. a CD34+ cell. The WSX ligand may be OB protein or an agonist antibody which 
5 binds to the WSX receptor. For in vivo use, the WSX ligand of choice may be a long half-life derivative of an 
OB protein, such as OB-immunoglobulin chimera and/or OB protein modified wi^ a nonproteinaceous polymer, 
such as polyethylene glycol (PEG). The method contemplated herein may lead to an increase in the proliferation 
and/or differentiation of lymphoid, myeloid and/or erylhroid blood cell lineages and encompasses both in vitro 
and in vivo methods. For in vitro uses, the cell possessing the WSX receptor may be present in cell culture. As 

1 0 to in vivo methods, the cell may be present in a mammal, especially a human (e.g. one who is suffering from 
decreased blood levels and who could benefit from an increase in various blood cells). Potential patients Include 
those who have undergone chemo- or radiation therapy, or bone marrow transplantation therapy Thus, the 
invention provides a method for repopulating blood cells (eg. erythroid, myeloid and/or lymphoid blood cells) 
in a mammal comprising administering to the mammal a therapeutically effective amount of a WSX ligand. 

1 S Mammals which may benefit from an enhancement of lymphopoiesis include those predisposed to, or 

suffering from, any ony or more of the following exemplary conditions: lymphocytopenia; lymphonhea; 
lymphostasis; immunodeficiency {e.g. HIV and AIDS); infections (including, for example, opportunistic 
infections and tubert:ulosis (TB)); lupus; and other disorders characterized by lymphocyte deficiency. An 
effective amount of the WSX ligand can be used in a method of immunopotentiation or to improve immune 

20 function in a mammal. 

On the other hand. WSX receptor or WSX ligand antagonists (such as WSX receptor ECD or 
immunoadhesin, and WSX receptor or OB protein neutralizing antibodies) may be used in the treatment of those 
disorders wherein unacceptable lymphocyte levels are present in the mammal, particularly where this is caused 
by excessive activation of the WSX receptor. Examples of conditions in which administration of such an 

25 antagonist may be beneficial include: neoplastic disorders (such as Hodkin's disease; lymphosarcoma; 
lymphoblastoma; lymphocytic leukemia; and lymphoma) and lymphocytosis. 

Diseases or disorders in which an Increase in erythropoiesis may be beneficial include, but are not 
limited to: erythrocytopenia; erthrodegenerative disorders; erythroblastopenia; leukoerythroblastosis; 
erythroclasis; thalassemia; and anemia {e.g. hemolytic anemia, such as acquired, autoimmune, or 

30 microangiopathic hemolytic anemia; aplastic anemia; congenital anemia, e.g., congenital dyserythropoietic 
anemia, congenital hemolytic anemia or congenital hypoplastic anemia; dyshemopoietic anemia; Faconi's anemia; 
genetic anemia; hemorrhagic anemia; hyperchromic or hypochromic anemia; nutritional, hypoferric, or iron 
deficiency anemia; hypoplastic anemia; infiectious anemia; lead anemia; local anemia; macrocytic or microcytic 
anemia; malignant or pernicious anemia; megaloblastic anemia; molecular anemia; normocytic anemia; 

35 physiologic anemia; traumatic or posthemoniiagic anemia; refractory anemia; radiation anemia; sickle cell 
anemia; splenic anemia; and toxic anemia). 

Conveisely, WSX receptor or WSX ligand antagraiists may be used to treat those conditions in which 
excessive erythrocyte levels are present in a mammal, e.g. in neoplastic disorders such as erythroleukemia; 
erythroblastosis; and erythrocythemia or polycythemia. 
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An increase in myeiopoiesis may be beneficial in any of the above-mentioned diseases or disorders as 
well as the following exemplary conditions: myelofibrosis; thrombocytopenia; hypoplasia; disseminated 
intravascular coagulation (DIC); immune (autoimmune) thrombocytopenic purpura (ITP); HIV induced ITP; 
myelodysplasia; thrombocytotic diseases and thrombocytosis. 
5 Antagonists of the WSX receptor- WSX ligand interaction may also be used to treat myeloid cell-related 

conditions such as malignancies (e.g. myelosarcoma, myeloblastoma, myeloma, myeloleukemia and 
myelocytomatosis); myeloblastosis; myelocytosis; and myelosis. 

The method may fiirther involve the step of exposing hematopoeitic cells (whether they be in cell culture 
or in a mammal) to one or more other cytokines (e.g. lineage-specific cytokines) and this may lead to a 
10 synergistic enhancement of the proliferation and/or differentiation of the cells. Exemplary cytokines include 
thrombopoietin (TPO); erythropoietin (EPO); macrophage-colony stimulating factor (M-CSF); granulocyte- 
macrophage-CSF(GM-CSF);granulocyte-CSF(G-CSF);interleukin-l (IL-1); IL-lo; IL-2; IL-3; IL-4; lL-5; IL- 
6; IL-7; IL-8; lL-9; IL-1 1 ; ILIO; IL-12; leukemia inhibitory factor (LIF) or kit ligand (KL). In this embodiment, 
exposure to the cytokine may proceed, occur simultaneously with, or follow, exposure to the WSX ligand. 
1 5 Preferably, the WSX ligand and one or more further cytokines are administered simultaneously to the patient 
(where the method is an in vivo one) and, optionally, are combined to form a pharmaceutical composition. 

For use in the above methods, the invention also provides an article of manufacture, comprising: a 
container; a label on the container; and a composition comprising an active agent within the container; wherein 
the composition is effective for enhancing proliferation and/or differentiation of cells comprising the WSX 
20 receptor in a mammal, the label on the container indicates that the composition can be used for enhancing 
proliferation and/or differentiation of those cells and the active agent in the composition is a WSX ligand. 
Optionally, the article of manufacture includes one or more fiither containers which hold further cytokine(s) in 
a packaged combination with the container holding the WSX ligand. 

In another embodiment, an effective amount of the WSX ligand may be used to improve engraftment 
25 in bone marrow transplantation or to stimulate mobilization of hematopoietic stem cells in a mammal prior to 
harvesting hematopoietic progenitors from the peripheral blood thereof 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. lA-H together depict the double stranded nucleotide (SEQ ID NO: I) and deduced amino acid 
sequence (SEQ ID NO:2) encoding full length human WSX receptor variant 13.2. Nucleotides are numbered 
30 at the beginning of the sense strand. Amino acid residues are numbered at the beginning of the amino acid 
sequence. Restriction enzyme sites are depicted above tiie nucleotide sequence. 

Figs. 2A-B together depict an amino acid sequence alignment of full length human WSX receptor 
variants 6.4 (SEQ ID NO:3). 12.1 (SEQ ID NO:4) and 13.2, respectively. Homologous residues are boxed. 
WSX receptor variants 6.4, 12.1 and 13.2 are native sequence human WSX receptor variants which, without 
35 being bound to any one theory, appear to be generated by alternate splicing of WSX receptor mRNA. The 
putative signal peptide, transmembrane, Box 1, Box 2, and Box 3 domains are indicated. The extracellular and 
cytoplasmic domains are amino- and carboxy-terminal, respectively, to the transmembrane domain. The Box 
1-3 domains shown correspond to the box 1-3 motifs described in Baumanne/ a/.. A/o/. Cell. Biol. 14(1):138-146 
(1994). 
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Figs. 3A-E together depict an alignment of the nucleotide sequences encoding human WSX receptor 
variants 6.4 (SEQ ID N0:5), 12.1 (SEQ ID N0:6) and 13.2, respectively. 

Figs. 4A-B depict an alignment of the full length human WSX receptor variant 13.2 amino acid 
sequence (top) with that of partial murine WSX receptor extracellular domain sequence (bottom) (SEQ ID NO:7) 
5 obtained as described in Example 7. The putative murine signal peptide is marked with an arrow. 

Figs. 5A-F represent an alignment of the nucleotide sequences encoding human WSX receptor variant 
13.2 (bottom) and partial murine WSX receptor extracellular domain (top) (SEQ ID N0:8), respectively. 

Fig. 6 is a bar graph depicting results of the thymidine incorporation assay described in Example 5 . H- 
thymidine incorporation (counts per minute, CPM) in parental BaD cells or BaG cells electroporated with 
1 0 GH/WSX variant 1 3 .2 chimera in the presence of varying concentrations of human growth hormone (GH) is 
shown. 

Fig. 7 shows the human and murine oligonucleotides (SEQ ID NOS:9-38, respectively) used for the 
antisense experiment described in Example 8. 

Figs. 8 and 9 show thymidine incorpotation assays in Baf-3 cells. For these assays, cells were deprived 

15 of IL-3 for 16-18 hours (in RPMI 1640 supplemented with 10% fetal calf serum (FCS)). Cells were washed in 
serum free RPMI 1640 and plated at 50,000 cells per well in 0.2 mis of serum free RPMI 1640 supplemented 
with the indicated concentration of human GH or human OB protein. Cells were stimulated for 24 hours and 
thymidine incorporation was determined as described (Zeigler ei al. 84:2422-2430 (1 994)). Assays were 
performed in triplicate and the results were confirmed in three independent experiments. 

20 In Fig. 8, GH receptor-WSX receptor variant 12.1 or 13.2 chimeric proteins were expressed in Baf-3 

cells as described in Example 5. These transfected cells and the parental Baf-3 line were stimulated with hGH 
and the incorporation of titrated thymidine determined. 

In Fig. 9, Baf-3 cells were stably transfected with WSX receptor variant 13.2. Thymidine incorporation 
was then determined in these cell lines following stimulation with human OB protein. 

25 In Figs. lOA-C, murine fetal liver AA4''"Sca'*'Kit''" (flASK) stem cells were cultured in suspension 

culture or mcthylcellulose. In Fig. lOA, flASK cells were cultured in suspension culture containing serum with 
kit ligand (KL) or kit iigand and OB protein. Cell counts and cytospin analyses were performed 7 days later. 
In Fig. I OB, flASK cells were seeded into methylcellulose under either myeloid or lymphoid conditions as 
described in Example 10. Colony counts were performed 14 days later. For colonies produced under lymphoid 

30 conditions, FACS analysis demonstrated the vast majority of cells to be B220 positive. In Fig. 1 OC, flASK cells 
were seeded into methylcellulose containing kit ligand. To this base media, erythropoietin (EPO) or 
erythropoietin and OB protein were then added. The resultant colonies were counted 14 days later. FACS 
analysis demonstrated approximately 95% of these colonies to be TER 1 19 positive. All assays were performed 
in triplicate and confirmed in at least three independent experiments. 

35 Fig. 1 1 illustrates methylcellulose assays to determine the colony foiming potential of db/db, ob/ob and 

the corresponding wild-type marrow. 100,000 bone marrow cells were seeded into methylcellulose and the 
resultant colonies counted after 14 days. Assays were performed using both myeloid and lymphoid conditions. 
Assays were performed in triplicate and the experiments were repeated a minimum of 3 times. 
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Figs. I2A-B show bone marrow cellular profiles in wild-type misty gray iiomozygotes, misty gray /db 
heterozygotes, and homo^otc db/db mice. Overall cellularity in the db/db marrow was unchanged compared 
to controls. Fig. 12A shows cellular profiles determined using anti-B220, anti-CD43, and anti-TER119 
antibodies. Fig. I2B shows cellular profiles of the spleens from the above groups. 
5 Figs. 1 3A-C are an analysis of peripheral blood in db/db homozygotes, db/db misty gray heterozygotes 

and misty gray homozygotes, 40 microliters of peripheral blood was taken via orbital bleed and analyzed on a 
Serrono Baker system 90 1 8. All areas described by the boxes represent the mean ± one standard deviation of 
the two parameters. 

Fig. 14 is a comparison of peripheral lymphocyte counts and blood glucose level. Five groups of 
1 0 animals, misty-gray, misty-gray/tft, db/db, interferon a-transgenic, and glucokinase transgenic heterozygote mice 
(gLKa) were sampled via retro-orbital bleed. Blood glucose levels in these mice were determined. All areas 
described by the boxes represent the mean ± standard deviation of the two parameters. 

In Figs. I5A-C, misty gray homozygotes, tft/misty gray heterozygotes, and homozygous db/db mice 
were subjected to sub-lethal irradiation and the recovery kinetics of the peripheral blood was determined via 
15 retro-orbital bleeds. 

Figs. 16A-16Q together show the nucleotide sequence (SEQ ID NO;46) and the amino acid sequence 
(SEQ ID NO: 47) of the human OB-immunoglobulin chimera in the plasmid described in of Example 1 1 . 

Fig. 1 7 shows binding of anti- WSX receptor agonist antibodies to human WSX receptor. The anti- WSX 
receptor agonist antibodies (207 and I G4) produced as described in Example 1 3 and an IgG isotope control were 
20 evaluated for their ability to bind to human WSX receptor by capnjre ELISA. 

Fig. 18 shows the activity of mAbs 2D7 and 1G4 as well as OB protein in the KIRA ELISA (see 
Example 13). Absorbance at 490nm versus concentration of antibody or ligand in this assay is shown. 

Fig. 19 depicts binding of anti- WSX receptor agonist antibodies to murine WSX receptor. The anti- 
WSX receptor agonist antibodies {2D7 and 1G4) and an IgG isotope control were evaluated for their ability to 
25 bind to murine WSX receptor by ciqjture ELISA. 

Figs. 20A-B show the results of epitope mapping of the agonist anti- WSX receptor antibodies produced 
as described in Example 13. Fig. 20A shows blocking ability of anti- WSX receptor antibodies on Epitope A 
using biotinylated 2D7. Fig. 20B shows blocking ability of anti- WSX receptor antibodies on Epitope B using 
biotiny lated 1 C 1 1 . Based on the competitive binding ELISA, 2D7 bound a different epitope from 1 E 1 1 , 1 C 1 1 
30 and 1G4. 

Fig. 21 depicts an alignment of the amino acid sequences of full length human WSX receptor variant 
6.4 (hWSXR) (SEQ ID N0:3) and murine WSX receptor (mWSXR) (SEQ ID N0:5 1 ). 

Fig. 22 is a standard curve for human OB protein in the KIRA ELISA, which illustrates schematically 
inside the graph WSX receptor KIRA ELISA panning with scFv phage as described in Example 1 4. 
35 Fig. 23 shows the activity of clone # 3, #4 and # 1 7 scFv phage from Example 14 and anti-HER2 scFv 

phage control in the KIRA ELISA. Absorbance versus phage titer is shown. 

Fig. 24 shows the activity of clone # 3, #4 and # 17 scFv from Example 14, anti-HER2 scFv control 
(Her2 clone) and OB protein in the KIRA ELISA. Absorbance versus antibody concentration is shown. 
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Fig. 25 aligns the amino acid sequences of agonist antibody clone #3 (3.scFv) (SEQ ID NO:48), clone 
#4 (4.scFv) (SEQ ID NO:49) and clone #17 (17.scFv) (SEQ ID NO: 50) obtained as described in Example 14. 
Complementarity determining region (CDR) residues according to Kabat et ai. Sequences of Proteins of 
Immunological Interest. 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991) are 
5 underlined and hypervariable loop residues (Chothia et al, Nature 342:8767 ( 1 989)) are in italics. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I. Deflnitions 

In describing the present invention, the following terms will be employed, and are intended to be 
defined as indicated below. 

10 The terms "WSX receptor" or "WSX receptor polypeptide" when used herein encompass native 

sequence WSX receptor; WSX receptor variants; WSX extracellular domain; and chimeric WSX receptor (each 
of which is defined herein). Optionally, the WSX receptor is not associated with native glycosylation. "Native 
glycosylation" refers to the carbohydrate moieties which are covaiently attached to WSX receptor when it is 
produced in the mammalian cell from which it is derived in nature. Accordingly, human WSX receptor 
15 produced in a non-human cell is an example of a WSX receptor which is "not associated with native 
glycosylation". Sometimes, the WSX receptor is unglycosylated (eg.,as a result of being produced 
recombinantly in a prokaryote). 

"WSX ligand" is a molecule which binds to and activates native sequence WSX receptor (especially 
WSX receptor variant 13.2). The ability of a molecule to bind to WSX receptor can be determined by the ability 
20 of a putative WSX ligand to bind to WSX receptor immunoadhesin (see Example 2) coated on an assay plate, 
for example. The thymidine incorporation assay provides a means for screening for WSX ligands which activate 
the WSX receptor. Exemplary WSX ligands include anti-WSX receptor agonist antibodies and OB protein {e.g., 
described in Zhang et ai Nature 372:425-431 (1994)). 

The terms "OB protein" and "OB" are used interchangeably herein and refer to native sequence OB 
25 proteins (also known as "leptins") and their functional derivatives. 

A "native sequence" polypeptide is one which has the same amino acid sequence as a polypeptide (eg., 
WSX receptor or OB protein) derived from nature. Such native sequence polypeptides can be isolated from 
nature or can be produced by recombinant or synthetic means. Thus, a native sequence polypeptide can have the 
amino acid sequence of naturally occurring human polypeptide, murine polypeptide, or polypeptide from any 
30 other mammalian species. 

The term "native sequence WSX receptor" specifically encompasses naturally-occurring truncated forms 
of the WSX receptor, naturally-occurring variant forms (e.g., alternatively spliced forms such as human WSX 
receptor variants 6.4, 12.1 and 13.2 described herein) and naturally-occurring allelic variants of the WSX 
receptor. The preferred native sequence WSX receptor is a mature native sequence human WSX receptor, such 
35 as human WSX receptor variant 6.4, human WSX receptor variant 12.1 or human WSX receptor variant 13.2 
(each shown in Figs. 2A-B). Most prefeired is mature human WSX receptor variant 13.2. 

The term "native sequence OB protein" includes those OB proteins from any animal species {e.g. 
human, murine, rabbit, cat, cow, sheep, chicken, porcine, equine, etc.) as occurring in nature. The definition 
specifically includes variants with or without a glutamine at amino acid position 49, using the amino acid 
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numbering of Zhang et al., supra. The term "native sequence OB protein" includes the native proteins with or 
without the initiating N-tcnninal methionine (Met), and with or without the native signal sequence, either in 
monomeric or in dimeric fonn. The native sequence human and murine OB proteins known in the art are 167 
amino acids long, contain two conserved cysteines, and have the features of a secreted protein. The protein is 
5 largely hydrophilic, and the predicted signal sequence cleavage site is at position 21. using the amino acid 
numbering of Zhang et al., supra. The overall sequence homology of the human and murine sequences is about 
84%. The two proteins show a more extensive identity in the N-terminal region of the mature protein, with only 
four conservative and three non-conservative substitutions among the residues between the signal sequence 
cleavage site and the conserved Cys at position 1 17. The molecular weight of OB protein is about 16 kD in a 
10 monomeric form. 

The "WSX receptor extracellular domain" (ECD) is a form of the WSX receptor which is essentially 
free of the transmembrane and cytoplasmic domains of WSX receptor, i.e.. has less than 1% of such domains, 
preferably 0.5 to 0% of such domains, and more preferably 0. 1 to 0% of such domains. Ordinarily, the WSX 
receptor ECD will have an amino acid sequence having at least about 95% amino acid sequence identity with 
1 5 the amino acid sequence of the ECD of WSX receptor indicated in Figs. 2A-B for human WSX receptor variants 
6.4, 12.1 and 13.2, preferably at least about 98%, more preferably at least about 99% amino acid sequence 
identity, and thus includes WSX receptor variants as defined below. 

A "variant" polypeptide means a biologically active polypeptide as defined below having less than 
100% sequence identity with a native sequence polypeptide (e.g., WSX receptor having the deduced amino acid 
20 sequence shown in Figs. lA-H for human WSX receptor variant 13.2). Such variants include polypeptides 
wherein one or more amino acid residues are added at the N- or C-terminus of, or within, the native sequence; 
from about one to thirty amino acid residues are deleted, and optionally substituted by one or more amino acid 
residues; and derivatives of the above polypeptides, wherein an amino acid residue has been covalently modified 
so that the resulting product has a non-naturally occurring amino acid. Ordinarily, a biologically active WSX 
25 receptor variant will have an amino acid sequence having at least about 90% amino acid sequence identity with 
human WSX receptor variant 1 3.2 shown in Figs. 1 A-H, preferably at least about 95%, more preferably at least 
about 99%. Ordinarily, a biologically active OB protein variant will have an amino acid sequence having at least 
about 90% amino acid sequence identity with a native sequence OB protein, preferably at least about 95%, more 
preferably at least about 99%. 
30 A "chimeric" OB protein or WSX receptor is a polypeptide comprising OB protein or fijll-length WSX 

receptor or one or more domains thereof (e.g., the extracellular domain of the WSX receptor) fused or bonded 
to heterologous polypeptide. The chimeric WSX receptor will generally share at least one biological property 
in common with human WSX receptor variant 13.2. The chimeric OB protein will generally share at least one 
biological property in common with a native sequence OB protein. Examples of chimeric polypeptides include 
35 immunoadhesins and epitope tagged polyeptides. 

The term "WSX immunoadhesin" is used interchangeably with the expression "WSX receptor- 
immunoglobulin chimera" and refers to a chimeric molecule that combines a portion of the WSX receptor 
(generally the extracellular domain thereoO with an immunoglobulin sequence. Likewise, an "OB protein 
immunoadhesin" or "OB-immunoglobulin chimera" refers to a chimeric molecule which combines OB protein 
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(or a portion thereof) with an immunoglobulin sequence. The immunoglobuJin sequence preferably, but not 
necessarily, is an immunoglobulin constant domain. The immunoglobulin moiety in the chimeras of the present 
invention may be obtained from IgGl, lgG2, lgQ3 or lgG4 subtypes, IgA, IgE, IgD or IgM, but preferably IgGl 
or IgG3. 

5 Tlie term "epitope tagged" when used herein refers to a chimeric polypeptide comprising WSX receptor 

or OB protein fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope 
against which an antibody thereagainst can be made, yet is short enough such that it does not interfere with 
biological activity of the WSX receptor or OB protein. The tag polypeptide preferably also is fairly unique so 
that the antibody thereagainst does not substantially cross-react with other epitopes. Suitable tag polypeptides 

10 generally have at least six amino acid residues and usually between about 8-50 amino acid residues (preferably 
between about 9-30 residues). 

"Isolated" WSX receptor (or OB protein) means WSX receptor (or OB protein) that has been purified 
fitHTi a WSX receptor (or OB protein) source or has been prepared by recombinant or synthetic methods and is 
sufficiently free of other peptides or proteins (1) to obtain at least 15 and preferably 20 amino acid residues of 

1 5 the N-terminal or of an internal amino acid sequence by using a spinning cup sequenator or the best commercially 
available amino acid sequenator marketed or as modified by published methods as of the filing date of this 
application, or (2) to homogeneity by SDS-PAGE under non-reducing or reducing conditions using Coomassie 
blue or, preferably, silver stain. Homogeneity here means less than about 5% contamination with other source 
proteins. 

20 "Essentially pure" protein means a composition comprising at least about 90% by weight of the protein, 

based on total weight of the composition, preferably at least about 95% by weight. "Essentially homogeneous" 
protein means a composition comprising at least about 99% by weight of protein, based on total weight of the 
composition. 

"Biological property" when used in conjunction with cither "WSX receptor" or "isolated WSX receptor" 
25 means having an effector or antigenic function or activity that is directly or indirectly caused or performed by 
native sequence WSX receptor (whether in its native or denatured conformation). Effector functions include 
iigand binding; and enhancement of survival, differentiation and/or proliferation of cells (especially proliferation 
of cells). However, effector functions do not include possession of an epitope or antigenic site that is capable 
of cross-reacting with antibodies raised against native sequence WSX receptor. 
30 "Biological property" when used in conjunction with either "OB protein" or "isolated OB protein" 

means having an effector function that is directly or indirectly caused or performed by native sequence OB 
protein. Effector functions of native sequence OB protein include WSX receptor binding and activation; and 
enhancement of differentiation and/or proliferation of cells expressing this receptor (as determined in the 
thymidine incorporation assay, for example). A "biologically active" OB protein is one which possesses a 
35 biological property of native sequence OB protein. 

A "functional derivative" of a native sequence OB protein is a compound having a qualitative biological 
property in common with a native sequence OB protein. "Functional derivatives" include, but are not limited 
to, fragments of native sequence OB proteins and derivatives of native sequence OB proteins and their fragments, 
provided that they have a biological activity in common with a coiresponding native sequence OB protein. The 
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term "derivative" encompasses both amino acid sequence variants of OB protein and covaient modifications 
thereof 

The phrase "long half-life" as used in connection wifli OB derivatives, concerns OB derivatives having 
a longer plasma half-life and/or slower clearance than a corresponding native sequence OB protein. The long 
5 half-life derivatives preferably will have a half-life at least about 1 .5-times longer than a native OB protein; more 
preferably at least about 2-times longer than a native OB protein, more preferably at least about 3-timc longer 
than a native OB protein. The native OB protein preferably is that of the individual to be treated. 

An "antigenic function" means possession of an epitope or antigenic site that is capable of cross-reacting 
with antibodies raised against native sequence WSX receptor. The principal antigenic function of a WSX 
10 receptor is that it binds with an affinity of at least about 10^ L/mole to an antibody raised against native 
sequence WSX receptor. Ordinarily, the polypeptide binds with an affinity of at least about 1 0^ L/mole. The 
antibodies used to define "antigenic function" are rabbit polyclonal antibodies raised by formulating the WSX 
receptor in Freund's complete adjuvant, subcutaneously injecting the formulation, and boosting the immune 
response by intraperitoneal injection of the formulation until the titer of the anli-WSX receptor or antibody 
1 S plateaus. 

"Biologically active" when used in conjunction with either "WSX receptor" or "isolated WSX receptor" 
means a WSX receptor polypeptide that exhibits or shares an effector function of native sequence WSX receptor 
and that may (but need not) in addition possess an antigenic function. A principal effector function of the WSX 
receptor is its ability to induce proliferation of CD34+ human umbilical cord blood cells in the colony assay 
20 described in Example 8. 

"Antigenically active" WSX receptor is defined as a polypeptide that possesses an antigenic function 
of WSX receptor and that may (but need not) in addition possess an effector liinction. 

"Percent amino acid sequence identity" is defined herein as the percentage of amino acid residues in 
the candidate sequence that are identical with the residues in the native sequence, after aligning the sequences 
25 and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not considering any 
conservative substitutions as part of the sequence identity. None of N-terminal, C-terminal, or internal 
extensions, deletions, or insertions into the candidate sequence shall be construed as affecting sequence identity 
or homology. 

A "thymidine incorporation assay" can be used to screen for molecules which activate the WSX 
30 receptor. In order to perform this assay, IL-3 dependent BaO cells (Palacios e( al., Cell, 4 1 :727-734 ( 1 985)) 
are stably transfected with fiill length native sequence WSX receptor as described in Example 4. The WSX 
rcceptor/Baf3 cells so generated are starved of IL-3 for. e g., 24 hours in a humidified incubator at 37°C in 
5%C02 and air. Following IL-3 starvation, the cells are plated out in 96 well culture dishes with, or without, 
a test sample containing a potential agonist (such test samples are optionally diluted) and cultured for 24 hours 
35 in a cell culture incubator. 20^1 of serum fiee RPMI media containing I nCi of thymidine is added to each 
well for the last 6-8 hours. The cells are tiien harvested in 96 well filter plates and washed with water. The fillers 
are then counted using a Packard Top Count Microplate Scintillation Counter, for example. Agonists are 
expected to induce a statistically significant increase (to a P value of 0.05) in uptake, relative to control. 
Preferred agonists leads to an increase in uptake which is at least two fold of that of the control. 
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An "isolated" WSX receptor nucleic acid molecule is a nucleic acid molecule that is identified and 
separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural 
source of the WSX receptor nucleic acid. An isolated WSX receptor nucleic acid molecule is other than in the 
form or setting in which it is found in nature. Isolated WSX receptor nucleic acid molecules therefore are 
5 distinguished from the WSX receptor nucleic acid molecule as it exists in natural cells. However, an isolated 
WSX receptor nucleic acid molecule includes WSX receptor nucleic acid molecules contained in cells that 
ordinarily express WSX receptor where, for example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The expression "control sequences" refers to DNA sequences necessary for the expression of an 
10 operably linked coding sequence in a particular host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, a ribosome binding site, and 
possibly, other as yet poorly understood sequences. Eukaryotic cells are known to utilize promoters, 
polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic 
IS acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or 
enhancer is operably linked to a coding sequence if it affects the transcription of the sequence; or a ribosome 
binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
"operably linked" means that the DNA sequences being linked are contiguous, and, in the case of a secretory 
20 leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is 
accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide 
adaptors or linkers are used in accordance with conventional practice. 

As used herein, the expressions "cell," "cell line," and "cell culture" are used interchangeably and all 
such designations include progeny. Thus, the words "transformants" and "transformed cells" include the primary 
25 subject cell and cultures derived therefrom without regard for the number of transfers. It is also understood that 
all progeny may not be precisely identical in DNA content, due to deliberate or inadvertent mutations. Mutant 
progeny that have the same function or biological activity as screened for in the originally transformed cell are 
included. Where distinct designations are intended, it will be clear from the context. 

The term "antibody" is used in the broadest sense and specifically covers monoclonal antibodies, 
30 antibody compositions with polyepitopic specificity, bispecific antibodies, diabodies, and single-chain molecules, 
as well as antibody fragments (e.g.. Fab, F(ab')2. ^nd Fv), so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical 
except for possible naturally occurring mutations that may be present in minor amounts. Monoclonal antibodies 
35 are highly specific, being directed against a single antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different antibodies directed against different 
determinants (epitopes), each monoclonal antibody is directed against a single determinant on the antigen. In 
addition to their specificity, the monoclonal antibodies are advantageous in that they are synthesized by the 
hybridoma culture, uncontaminated by other immunoglobulins. The modifier "monoclonal" indicates the 



-14- 



wo 97/25425 PCT/US97/00325 
character of the antibody as being obtained from a substantially homogeneous population of antibodies, and is 
not to be construed as requiring production of the antibody by any particular method. For example, the 
monoclona] antibodies to be used in accordance with the present invention may be made by the hybridoma 
method first described by Kohler et al. Nature 256:495 (1975), or may be made by recombinant DNA methods 
5 (see, e.g., U.S. Patent No. 4,816,567 (Cabilly et al.)). The "monoclonal antibodies" may also be isolated from 
phage antibody libraries using the techniques described in Clackson et al.. Nature 352:624-628 (1991) and 
Marks et al., J. Mol. Biol. 222:581-597 (1991), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) in 
which a portion of the heavy and/or light chain is identical with or homologous to corresponding sequences in 
1 0 antibodies derived from a particular species or belonging to a particular antibody class or subclass, while the 
remainder of the chain(s) is identical with or homologous to coiresponding sequences in antibodies derived from 
another species or belonging to another antibody class or subclass, as well as fragments of such antibodies, so 
long as they exhibit the desired biological activity (Cabilly et al., suprcr, Morrison et al., Proc. Natl. Acad. Sci. 
f/&4, 81:6851-6855 (1984)). 

15 "Humanized" forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, 

immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
a complementary-determining region (CDR) of the recipient are replaced by residues from a CDR of a non- 
20 human species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and capacity. 
In some instances, Fv framework region (FR) residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Furthermore, humanized antibodies may comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or framework sequences. These modifications are 
made to fiirther refine and optimize antibody performance. In general, the humanized antibody will comprise 
25 substantially all of at least one, and typically two, variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
those of a human immunoglobulin sequence. The humanized antibody optimally also will comprise at least a 
portion of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further 
details, see Jones et al.. Nature 321 :522-525 (1986); Reichmann et al. Nature 332:323-329 (1988); and Presta, 
30 Curr. Op. Struct. Biol. 2:593-596 (1992). The humanized antibody includes a Primatized'^" antibody wherein 
the antigen-binding region of the antibody is derived from an antibody produced by immunizing macaque 
monkeys with the antigen of interest. 

TTie term "hypervariable region" when used herein refers to the amino acid residues of an antibody 
which are responsible for antigen-binding. The hypervariable region comprises amino acid residues from a 
35 "complementarity determining region" or "CDR" (ic. residues 24-34 (LI ). 50-56 (L2) and 89-97 (L3) in the light 
chain variable domain and 31-35 (HI), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain; Kabat 
et al.. Sequences of Proteins of Immunological Interest. 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, MD. (1 991)) and/or those residues from a "hypervariable loop" (i.e. residues 26-32 (LI), 50- 
52 (L2) and 91-96 (L3) in the light chain variable domain and 26-32 (HI), 53-55 (H2) and 96-101 (H3) in the 
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heavy chain variable domain; Chothia and Lesk J. MoL Biol. 196:901-917 (1987)). "Framework" or "FR" 
residues are those variable domain residues other than the hypervariable region residues as herein defined. 

"Non-immunogenic in a human" means that upon contacting the polypeptide of interest in a 
physiologically acceptable carrier and in a therapeutically effective amount with the appropriate tissue of a 
5 human, no state of sensitivity or resistance to the polypeptide of interest is demonstrable upon the second 
administration of the polypeptide of interest after an appropriate latent period {e.g., 8 to 14 days). 

By "agonist antibody" is meant an antibody which is able to activate native sequence WSX receptor. 
The agonist antibody of particular interest herein is one which mimics one or more (e.g. all) of the biological 
properties of naturally occurring WSX ligand, OB protein. In preferred embodiments, the agonist antibody has 

10 a quantitative biological property of OB protein which is within about two orders of magnitude, and preferably 
within about one order of magnitude, that of OB protein. The agonist antibody may bind to and activate WSX 
receptor and thereby stimulate proliferation and/or differentiation and/or maturation and/or survival of a cell 
which expresses the WSX receptor {e.g. WSX receptor variant 13.2). In this embodiment of the invention, the 
agonist antibody may be one which enhances proliferation and/or differentiation of a hematopoietic progenitor 

15 cell which expresses the WSX receptor at its cell surface; enhances proliferation and/or differentiation of 
lymphoid blood cell lineages; enhances proliferation and/or differentiation of myeloid blood cell lineages; and/or 
enhances proliferation and/or differentiation of erythroid blood cell lineages. The agonist antibody may display 
agonist activity upon binding to a chimeric receptor comprising the WSX receptor extracellular domain in the 
KIRA ELISA. The agonist antibody may stimulate uptake in the thymidine incorporation assay using a 

20 signaling WSX receptor (see above); decrease body weight and/or fat-depot weight and/or food intake in an 
obese mammal (e.g. in the oblob mouse); effect Ca^"^ influx in adipocytes; and/or activate downstream signaling 
molecules of 08 protein. 

A "neutralizing antibody" is one which is able to block or significantly reduce an effector function of 
native sequence WSX receptor or OB protein. For example, a neutralizing antibody may inhibit or reduce WSX 

25 receptor activation by a WSX ligand as determined in the thymidine incorporation assay or in a KIRA ELISA. 

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of 
cells and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g., I ' ^ ' , I ' 
Y^^ and Re'^^), chemotherapeutic agents, and toxins such as enzymatically active toxins of bacterial, fungal, 
plant or animal origin, or fragments thereof 

30 A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Examples of 

chemotherapeutic agents include Adriamycin, Doxorubicin, 5-Fluorouracil, Cytosine arabinoside ("Ara-C"), 
Cyclophosphamide, Thiotepa, Taxotere (docetaxel), Busulfan, Cytoxin, Taxol, Methotrexate, Cisplatin, 
Melphalan, Vinblastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, Mitoxantrone, Vincreistine, 
Vinorelbine, Carboplatin, Teniposide, Daunomycin, Carminomycin, Aminopterin, Dactinomycin, Mitomycins, 

35 Esperamicins (see U.S. Pat. No. 4,675, 1 87), Melphalan and other related nitrogen mustards. 

The term "prodrug" as used in this application refers to a precursor or derivative form of a 
pharmaceutically active substance that is less cytotoxic to tumor cells compared to the parent drug and is enable 
of being en^rmatically activated or converted into the more active parent form. See, e.g., Wilman, "Prodrugs 
in Cancer Chemotherapy" Biochemical Society Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) 
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and Stella et ai. "Prodrugs: A Chemical Approach to Targeted Drug Delivery," Directed Drug Delivery, 
Borchardte/a/., (ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but are not 
limited to, phosphate-containing prodrugs, thiophosphate-containing prodrugs, sulfate-containing prodrugs, 
peptide-containing prodrugs, D-amino acid-modified prodrugs, glycosylated prodrugs, P-lactam-containing 
5 prodrugs, optionally substituted phenoxyacetamide-containing prodrugs or optionally substituted 
phenylacetamide-containing prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs which can be 
converted into the more active cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized into a 
prodrug fonn for use in this invention include, but are not limited to, those chemotherapeutic agents described 
above. 

1 0 An "antagonist" of the WSX receptor and/or OB protein is a molecule which prevents, or interferes 

with, binding and/or activation of the WSX receptor or OB protein. Such molecules can be screened for their 
ability to competitively inhibit WSX receptor activation by OB protein in the thymidine incorporation assay 
disclosed herein, for example. Examples of such molecules include: WSX receptor ECD; WSX receptor 
immunoadhesin; neutralizing antibodies against WSX receptor or OB protein; small molecule and peptide 
1 5 antagonists; and antisense nucleotides against the WSX receptor or ob gene. 

The phrase "enhancing proliferation of a cell" encompasses the step of increasing the extent of growth 
and/or reproduction of the cell relative to an untreated cell either in vitro or in vivo. An increase in cell 
proliferation in cell culture can be detected by counting the number of cells before and after exposure to a 
molecule of interest. The extent of proliferation can be quantified via microscopic examination of the degree 
20 of confluency. Cell proliferation can also be quantified using the thymidine incoiTX)ration assay described herein. 

By "enhancing differentiation of a cell" is meant the act of increasing the extent of the acquisition or 
possession of one or more characteristics or functions which differ from that of the original cell {i.e. cell 
specialization). This can be detected by screening for a change in the phenotype of the cell (e.g., identifying 
morphological changes in the cell). 
25 A "hematopoietic progenitor cell" or "primitive hematopoietic cell" is one which is able to differentiate 

to form a more committed or mature blood cell type. 

"Lymphoid blood cell lineages" are those hematopoietic precursor cells which are able to differentiate 
to form lymphocytes (B-cells or T-cells). Likewise, "lymphopoeisis" is the formation of lymphocytes. 

"Erythroid blood cell lineages" are those hematopoietic precursor cells which are able to differentiate 
30 to form erythrocytes (red blood cells) and "erythropoeisis" is the formation of erythrocytes. 

The phrase "myeloid blood cell lineages", for the purposes herein, encompasses all hematopoietic 
precursor cells, other than lymphoid and erythroid blood cell lineages as defined above, and myelopoiesis" 
involves the formation of blood cells (other than lymphocytes and erythrocytes). 

A "CD34+ cell population" is enriched for hematopoietic stem cells. A CD34+ cell population can be 
35 obtained from umbilical cord blood or bone mamow, for example. Human umbilical cord blood CD34+ cells 
can be selected for using immunomagnetic beads sold by Miltenyi (California), following the manufacturer's 
directions. 

"Physiologically acceptable" carriers, excipients, or stabilizers are ones which are nontoxic to the cell 
or mammal being exposed thereto at the dosages and concentrations employed. Often the physiologically 
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acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable carriers include 
buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular 
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; 
hydrophiiic polymers such as polyvinylpytrolidone; amino acids such as glycine, glutamine, asparagine, arginine 
5 or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins; 
chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as 
sodium; and/or nonionic surfactants such as Tween, Pluronics or polyethylene glycol (PEG). 

As used herein, the term "salvage receptor binding epitope" refers to an epitope of the Fc region of an 
IgG molecule (e.g., IgGl, IgG2, lgG3, and IgG4) that is responsible for increasing the in vivo serum half-life 

10 of the IgG molecule. Exemplary salvage receptor binding epitope sequences include HQNLSDGK (SEQ ID 
NO:39); HQNISDGK (SEQ ID NO:40); HQSLGTQ (SEQ ]D N0:41); VISSHLGQ (SEQ ID NO:42); and 
PKNSSMISNTP (SEQ ID NO:43). 

The term "cytokine" is a generic term for proteins released by one cell population which act on another 
cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional 

1 5 polypeptide hormones. Included among the cytokines are OB protein; growth hormones such as human growth 
hormone, N-methionyl human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; 
insulin; proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone (FSH), 
thyroid stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth 
factor; prolactin; placental lactogen; tumor necrosis factor-a and - P; mullerian-inhibiting substance; mouse 

20 gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin; thrombopoietin 
(TPO); nerve growth factors such as NGF-P; platelet-growth factor; transforming growth factors (TGFs) such 
as TGF-a and TGF-P; insulin-like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors; 
interferons such as interferon-a, -p, and -y; colony stimulating factors (CSFs) such as macrophage-CSF (M- 
CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) such as IL-1 , 

25 IL-1 a, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7. lL-8, IL-9, IL-1 1, IL-12; and other polypeptide factors including 
leukemia inhibitory factor (LIF) and kit ligand (KL). As used herein, the term cytokine includes proteins from 
natural sources or fix)m recombinant cell culture and biologically active equivalents of the native sequence 
cytokines. 

A "lineage-specific cytokine" is one which acts on relatively committed cells in the hematopoietic 
30 cascade and gives rise to an expansion in blood cells of a single lineage. Examples of such c>tokines include 
EPO, TPO, and G-CSF, 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those in 
need of treatment include those ab'eady with the disorder as well as those in which the disorder is to be prevented. 

The term "obesity" is used to designate a condition of being overweight associated with excessive bodily 
3S fat. The desirable weight for a certain individual depends on a number of factors including sex, height, age, 
overall built, etc. The same factors will determine when an individual is considered obese. The determination 
of an optimum body weight for a given individual is well within the skill of an ordinary physician. 
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"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, the 
mammal is human. 

By "solid phase" is meant a non-aqueous matrix to which a reagent of interest (e.;?.,the WSX receptor 
5 or an antibody thereto) can adhere. Examples of solid phases encompassed herein include those formed partial ly 
or entirely of glass (e.g.,controlled pore glass), polysaccharides (eg., agarose), polyacrylamides, 
polystyrene, polyvinyl alcohol and silicones. In certain embodiments, depending on the context, the solid 
phase can comprise the well of an assay plate; in others it is a purification column (e.g.,an affinity 
chromatography column). This term also includes a discontinuous solid phase of discrete particles, such as those 

10 described in U.S. Patent No. 4,275,149. 

II. Modes for Carrying Out the Invention 

The present invention is based on the discovery of the WSX receptor. The experiments described herein 
demonstrate that this molecule is a cytokine receptor which appears to play a role in enhancing proliferation 
and/or differentiation of hematopoietic cells. In particular, this receptor has been found to be present in enriched 

1 5 human stem cell populations, thus indicating that WSX ligands, such as agonist antibodies, may be used to 
stimulate proliferation of hematopoietic stem cells/progenitor cells. Other uses for this receptor will be apparent 
from the following discussion. A description follows as to how WSX receptor or OB proteins may be 
prepared. 

a. Preparation of WSX Receptor or OB Protein 

20 Techniques suitable for the production of WSX receptor or OB protein are well known in the art and 

include isolating WSX receptor or OB protein from an endogenous source of the polypeptide, peptide synthesis 
(using a peptide synthesizer) and recombinant techniques (or any combination of these techniques). The 
preferred technique for production of WSX receptor or OB protein is a recombinant technique to be described 
below. 

25 Most of the discussion below pertains to recombinant production of WSX receptor or OB protein by 

culturing cells transformed with a vector containing WSX receptor or OB protein nucleic acid and recovering 
the polypeptide from the cell culture. It is further envisioned that the WSX receptor or OB protein of this 
invention may be produced by homologous recombination, as provided for in WO 91/06667, published 16 May 
1991. 

30 Briefly, this method involves transforming primary human cells containing a WSX receptor or OB 

protein-encoding gene with a construct {i.e., vector) comprising an amplifiable gene (such as dihydrofolate 
reductase (DHFR) ot others discussed below) and at least one flanking region of a length of at least about 150 
bp that is homologous witii a DNA sequence at the locus of tiie coding region of the WSX receptor or OB protein 
gene to provide amplification of the WSX receptor or OB protein gene. The amplifiable gene must be at a site 

35 that does not interfere with expression of the WSX receptor or OB protein gene. The transfonnation is 
conducted such that the construct becomes homologously integrated into the genome of the primary cells to 
define an amplifiable region. 

Primary cells comprising the construct are tiien selected for by means of the amplifiable gene or other 
marker present in the construct. The presence of the marker gene establishes the presence and integration of the 
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construct into the host genome. No further selection of the primary cells need be made, since selection will be 
made in the second host. If desired, the occurrence of the homologous recombination event can be determined 
by employing PGR and either sequencing the resulting amplified DN A sequences or determining the appropriate 
length of the PCR fragment when DNA from correct homologous integrants is present and expanding only those 
S cells containing such fragments. Also if desired, the selected cells may be amplified at this point by stressing 
the cells with the appropriate amplifying agent (such as methotrexate if the ampliflable gene is DHFR), so that 
multiple copies of the target gene are obtained. Preferably, however, the amplification step is not conducted until 
after the second transformation described below. 

After the selection step, DNA portions of the genome, sufficiently large to include the entire amplifiable 
10 region, are isolated from the selected primary cells. Secondary mammalian expression host cells are then 
transformed with these genomic DNA portions and cloned, and clones are selected that contain the amplifiable 
region. The amplifiable region is then amplified by means of an amplifying agent if not already amplified in the 
primary cells. Finally, the secondary expression host cells now comprising multiple copies of the amplifiable 
region containing WSX receptor or OB protein are grown so as to express the gene and produce the protein. 
1 5 i. Isolation of DNA Encoding WSX Receptor or OB Protein 

The DNA encoding WSX receptor or OB protein may be obtained from any cDNA library prepared 
from tissue believed to possess the WSX receptor or OB protein mRNA and to express it at a detectable level. 
Accordingly, WSX receptor or OB protein DNA can be conveniently obtained from a cDNA library prepared 
from mammalian fetal liver. The WSX receptor or OB protein-encoding gene may also be obtained from a 
20 genomic library or by oligonucleotide synthesis. 

Libraries are screened with probes (such as antibodies to the WSX receptor or OB protein, or 
oligonucleotides of about 20-80 bases) designed to identify the gene of interest or the protein encoded by it. 
Screening the cDNA or genomic library with the selected probe may be conducted using standard procedures 
as described in chapters 10-12 of Sambrook et al.. Molecular Cloning: A Laboratory Manual (New York: Cold 
25 Spring Harbor Laboratory Press, 1 989). An alternative means to isolate the gene encoding WSX receptor or OB 
protein is to use PCR methodology as described in section 14 of Sambrook et al, supra. 

A preferred method of practicing this invention is to use carefully selected oligonucleotide sequences 
to screen cDNA libraries from various human tissues, preferably human fetal liver. The oligonucleotide 
sequences selected as probes should be of sufficient length and sufficiently unambiguous that false positives are 
30 minimized. 

The oligonucleotide must be labeled such that it can be detected upon hybridization to DNA in the 
library being screened. The preferred method of labeling is to use ^^P-labeled ATP with polynucleotide kinase, 
as is well known in the art, to radioiabel the oligonucleotide. However, other methods may be used to label the 
oligonucleotide, including, but not limited to, biotinylation or enzyme labeling. 
35 Amino acid sequence variants of WSX receptor or OB protein are prepared by induducing appropriate 

nucleotide changes into the WSX receptor or OB protein DNA, or by synthesis of the desired WSX receptor or 
OB protein. Such variants represent insertions, substitutions, and/or specified deletions of, residues within or 
at one or both of the ends of the amino acid sequence of a naturally occurring human WSX receptor or OB 
protein, such as the WSX receptor variants shown in Figs 2A-B or the human OB protein of Zhang et al. , supra. 
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Preferably, these variants represent insertions and/or substitutions within or at one or both ends of the mature 
sequence, and/or insertions, substitutions and/or specificed deletions within or at one or both of the ends of the 
signal sequence of the WSX receptor or OB protein. Any combination of insertion, substitution, and/or specified 
deletion is made to arrive at the fmal construct, provided that the fmal construct possesses the desired biological 
5 activity as defined herein. The amino acid changes also may alter post-translational processes of the WSX 
receptor or OB protein, such as changing the number or position of glycosylation sites, altering the membrane 
anchoring characteristics, and/or altering the intracellular location of the WSX receptor or OB protein by 
inserting, deleting, or otherwise affecting the leader sequence of the WSX receptor or OB protein. 

Variations in the native sequence as described above can be made using any of the techniques and 
I guidelines for conservative and non-conservative mutations set forth in U.S. Pat. No. 5,364,934. These include 
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. See also, for 
example. Table I therein and the discussion surrounding this table for guidance on selecting amino acids to 
change, add, or delete. 

ii. Insertion of Nucleic Acid into Repiicable Vector 
The nucleic acid (eg., cDNA or genomic DNA) encoding the WSX receptor or OB protein is inserted 
into a repiicable vector for further cloning (amplification of the DNA) or for expression. Many vectors are 
available. The vector components generally include, but are not limited to, one or more of the following: a 
signal sequence, an origin of replication, one or more marker genes, an enhancer element, a promoter, and a 
transcription termination sequence. 

(1 ) Signal sequence con^onent 
The WSX receptor or OB proteins of this inventirai may be produced recombinantly not only directly, 
but also as a fusion polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other 
polypeptide having a specific cleavage site at the N-terminus of the mature protein or polypeptide. In general, 
the signal sequence may be a component of the vector, or it may be a part of the WSX receptor or OB protein 
DNA that is inserted into the vector. The heterologous signal sequence selected preferably is one that is 
recognized and processed {i.e., cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that 
do not recognize and process the native WSX receptor or OB protein signal sequence, the signal sequence is 
substituted by a prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase, 
penicillinase, Ipp, or heat-stable enterotoxin II leaders. For yeast secretion the native signal sequence may be 
substituted by, e.g.. tiie yeast invertase leader, a factor leader (including Saccharomyces and Kluyveromyces a- 
factor leaders, the latter described in U.S. Pat No. 5,010,182 issued 23 April 1991), or acid phosphatase leader, 
the C. albicans glucoamylase leader (EP 362,179 published 4 April 1990), or the signal described in WO 
90/13646 published 15 November 1990. [n mammalian cell expression the native signal sequence (e.g.. the 
WSX receptor or OB protein presequence that normally directs secretion of WSX receptor or OB protein from 
human cells in vivo) is satisfactoiy, although other mammalian signal sequences may be suitable, such as signal 
sequences from other animal WSX receptors or OB proteins, and signal sequences from secreted polypeptides 
of the same or related species, as well as viral secretory leaders, for example, the herpes simplex gD signal. 

The DNA for such precursor region is iigated in reading frame to DNA encoding the mature WSX 
receptor or OB protein. 
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(2) Origin of replication component 
Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to replicate 
in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables the vector to 
replicate independently of the host chromosomal DNA, and includes origins of replication or autonomously 
S replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and viruses. The origin 
of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 2^ plasmid origin is 
suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are useftil for cloning 
vectors in mammalian cells. Generally, the origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used only because it contains the early promoter). 
10 Most expression vectors are "shuttle" vectors, i.e., they are capable of replication in at least one class 

of organisms but can be transfected into another organism for expression. For example, a vector is cloned in E. 
coli and then the same vector is transfected into yeast or mammalian cells for expression even though it is not 
capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished using 
1 5 Bacillus species as hosts, for example, by including in the vector a DNA sequence that is complementary to a 
sequence found in Bacillus genomic DNA. Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of WSX receptor or OB protein DNA. However, the recovery of 
genomic DNA encoding WSX receptor or OB protein is more complex than that of an exogenously replicated 
vector because restriction enzyme digestion is required to excise the WSX receptor or OB protein DNA. 
20 (3) Selection gene component 

Expression and cloning vectors should contain a selection gene, also termed a selectable marker. This 
gene encodes a protein necessary for the survival or growth of transfonned host cells grown in a selective culture 
medium. Host cells not transformed with the vector containing the selection gene will not survive in the culture 
medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., 
25 ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 
critical nutrients not available from complex media, e.g., the gene encoding D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells that are 
successfully transformed with a heterologous gene iwoduce a protein conferring drug resistance and thus survive 
the selection regimen. Examples of such dominant selection use the drugs neomycin, mycophenolic acid and 
30 hygromycin. 

Another example of suitable selectable markers for mammalian cells are those that enable the 
identification of cells competent to take up the WSX receptor or OB protein nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell transformants are placed under selection pressure that only the 
transformants are uniquely adapted to survive by virtue of having taken up the marker. Selection pressure is 
35 imposed by culturing the transformants under conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of both the selection gene and the DNA that 
encodes WSX tcceptor or OB protein. Amplification is the process by which genes in greater demand for the 
production of a protein critical for growth are reiterated in tandem within the chromosomes of successive 
generations of recombinant cells. Increased quantities of WSX receptor or OB protein are synthesized from the 
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amplified DNA. Other examples of amplifiable genes include metallothionein-I and -II, preferably primate 
metallothionein genes, adenosine deaminase, ornithine decarboxylase, etc. 

For example, cells transformed with the DHFR selection gene are first identified by culturing all of the 
iransformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. An 

5 appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line deficient 
in DHFR activity, prepared and propagated as described by Urlaub et al. Proc. Natl. Acad. Sci. USA 71:42 1 6 
( 1 980). The transformed cells are then exposed to increased levels of methotrexate. This leads to the synthesis 
of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding WSX receptor or OB protein. This amplification technique can 

) be used with any otherwise suitable host, e.g.. ATCC No. CCL6 1 CHO-Kl , notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly resistant to Mu is employed (EP 
117,060). 

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed or 
co-transformed with DNA sequences encoding WSX receptor or OB protein, wild-type DHFR protein, and 
i another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected by cell growth 
in medium containing a selection agent for the selectable marker such as an aminoglycosidic antibiotic, e.g., 
kanamycin. neomycin, orG4I8. See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpi gene present in the yeast plasmid YRp7 
(Stinchcomb el a!.. Nature 282:39 (1979)). The lrp\ gene provides a selection marker for a mutant strain of 
I yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4- 1 . Jones, Genetics 85: 12 
(1 977). The presence of the trp\ lesion in the yeast host cell genome then provides an effective environment for 
detecting transformation by growth in the absence of tryptophan. Similarly, ieK2-deficient yeast strains (ATCC 
20,622 or 38,626) are complemented by known plasmids bearing the Leu2 gene. 

In addition, vectors derived from the 1.6 ^m circular plasmid pKDI can be used for transformation of 
Kluyveromyces yeasts. Bianchi etal., Curr. Genet. 12:185 (1987). More recently, an expression system for 
large-scale production of recombinant calf chymosin was reported for K. lactis. Van den Berg, Bio/Technology 
8:135 (1990). Stable multi-copy expression vectors for secretion of mature recombinant human serum albumin 
by industrial strains of Kluyveromyces have also been disclosed. Fleer a/., Bio/Technology 9:968-975 ( 1991 ). 
(4) Promoter Component 
Expression and cloning vectors usually contain a promoter that is recognized by the host organism and 
is operably linked to the WSX receptor or OB protein nucleic acid. Promoters are untranslated sequences located 
upstream (5') to the start codon of a structural gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, such as the WSX receptor or OB protein nucleic 
acid sequence, to which they are operably linked. Such pnmoters typically fall into two classes, inducible and 
constitutive. Inducible promoters are promoters that initiate increased levels of transcription from DNA under 
their control in response to some change in culture conditions, e.g.. the presence or absence of a nutrient or a 
change in temperature. At this time a large number of promoters recognized by a variety of potential host cells 
are well known. These promoters are operably linked to WSX receptor or OB protein-encoding DNA by 
removing the promoter from the source DNA by restriction enzyme digestion and inserting the isolated promoter 
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sequence into the vector. Both the native WSX receptor or OB protein promoter sequence and many 
heterologous promoters may be used to direct amplification and/or expression of the WSX receptor or OB 
protein DNA. However, heterologous promoters are preferred, as they generally permit greater transcription and 
higher yields of WSX receptor or OB protein as compared to the native WSX receptor or OB protein promoter. 
5 Promoters suitable for use with prokaryotic hosts include the p-Iactamase and lactose promoter systems 

(Chang et al. Nature 275:615 (1978); Goeddel et ai. Nature 281:544 (1979)), alkaline phosphatase, a 
tryptophan (trp) promoter system (Goeddel, Nucleic Acids Res. 8:4057 ( 1 980); EP "ieHKi), and hybrid promoters 
such as the tac promoter. deBoer et al., Proc. Natl. Acad Sci. USA 80:21-25 (1983). However, other known 
bacterial promoters are suitable. Their nucleotide sequences have been published, thereby enabling a slcilled 
1 0 worker operably to ligate them to DNA encoding WSX receptor or OB protein (Siebenlist et al. , Cell 20:269 
(1980)) using linkers or adaptors to supply any required restriction sites. Promoters for use in bacterial systems 
also will contain a Shine-Dalgamo (S.D.) sequence operably linked to the DNA encoding WSX receptor or OB 
protein. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT-rich region 

1 5 located approximately 25 to 30 bases upstream from the site where transcription is initiated. Another sequence 
found 70 to 80 bases upstream from the start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an AATA AA sequence that may be the signal for 
addition of the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably inserted into 
eukaryotic expression vectors. 

20 Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 

phosphoglycerate kinase (Hitzeman el al,J. Biol. Chem. 255:2073 (1980)) or other glycolytic enzymes (Hess 
et al., J. Adv. Enzyme Reg. 7:149 (1968); Holland, Biochemistry 17:4900 (1978)), such as enolase, 
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose- 
6-phosphate isomerase, 3-pho5phoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose 

25 isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-phos- 
phate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and 

30 promoters for use in yeast expression are further described in EP 73.657. Yeast enhancers also are 
advantageously used with yeast promoters. 

WSX receptor or OB protein transcription from vectors in mammalian host cells is controlled, for 
example, by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 
2,21 1,504 published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma 

35 virus, cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably Simian Virus 40 (SV40), from 
heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock 
promoters, and from tiie promoter normally associated with the WSX receptor or OB protein sequence, provided 
such promoters are compatible with the host cell systems. 
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The early and late promoters of the SV40 virus are conveniently obtained as an SV40 restriction 
fragment that also contains the SV40 viral origin of replication. Fiers et al.. Nature 273: 1 1 3 ( 1 978); Mulligan 
et al.. Science 209:1422-1427 (1980); Paviakis et al, Proc. Natl. Acad. Sci. USA 78:7398-7402 (1981). The 
immediate early promoter of the human cytomegalovirus is conveniently obtained as a Hindlll E restriction 

5 fragment. Greenawaye/a/.. Ge«c 18:355-360(1982). A system for expressing DNA in mammalian hosts using 
the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419,446. A modification of this system 
is described in U.S. Patent No. 4,601 ,978. See also Gray ei al.. Nature 295:503-508 (1982) on expressing cDNA 
encoding immune interferon in monkey cells; Reyes et at., Nature 297:598-601 (1982) on expression of human 
P-interferon cDNA in mouse cells under the control of a thymidine kinase promoter from herpes simplex virus; 

) Canaani et al., Proc. Natl. Acad Sci. USA 79:5166-5170 (1982) on expression of the human interferon p 1 gene 
in cultured mouse and rabbit cells; and Goman et al., Proc. Natl. Acad. Sci. USA 79:6777-6781 (1982) on 
expression of bacterial CAT sequences in CV-1 monkey kidney cells, chicken embryo fibroblasts, Chinese 
hamster ovaiy cells, HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long terminal repeat 
as a promoter, 

> (5) Enhancer element con^onenl 

Transcription of a DNA encoding the WSX receptor or OB protein of Ais invention by higher 
eukaryotes is of^en increased by inserting an enhancer sequence into the vector Enhancers are cis-acting 
elements of DNA, usually about from 10 to 300 bp, that act on a promoter to increase its transcription. 
Enhancers are relatively orientation and position independent, having been found 5' (Laimins et al., Proc. Natl. 
I Acad Sci. USA 78:993 (1981)) and 3* (Lusky e/a/., Mol Cell Bio. 3:1 108 (1983)) to the transcription unit, 
within an intron (Banerji et al.. Cell 33:729 (1983)), as well as within the coding sequence itself Osborne et al. , 
Mol. Cell Bio. 4:1293 (1984). Many enhancer sequences are now known from mammalian genes (globin, 
elastase, albumin, a-fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic 
cell virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and 
adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on enhancing elements for activation of 
eukaryotic promoters. The enhancer may be spliced into the vector at a position 5' or 3' to the WSX receptor 
or OB protein-encoding sequence, but is preferably located at a site 5' from the promoter. 

(6) Transcription termination component 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, or nucleated 
cells from other multicellular organisms) will also contain sequences necessary for the termination of 
transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and, 
occasionally 3', untranslated regions of cukaiyotic or vital DNAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding WSX 
receptor or OB protein. 

(7) Construction and anafysis of vectors 

Construction of suitable vectors containing one or more of the above-listed components employs 
standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and re-ligated in the 
form desired to generate the plasmids required. 
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For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are used to 
transform E. coli K12 strain 294 (ATCC 31,446) and successful transformants selected by ampicillin or 
tetracycline resistance where appropriate. Plasmids from the transfmnants are prepared, analyzed by restriction 
endonuclease digestion, and/or sequenced by the method of Messing et al. , Nucleic Acids Res. 9:309(1981)or 
5 by the method of Maxam et al.. Methods in Enzymology 63:499 (1980). 
Transient expression vectors 

Particularly useflil in the practice of this invention are expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding WSX receptor or OB protein. In general, transient expression 
involves the use of an expression vector that is able to replicate efficiently in a host cell, such that the host cell 
10 accumulates many copies of the expression vector and, in turn, synthesizes high levels of a desired polypeptide 
encoded by the expression vector. Sambrook et al., supra, pp. 16.17 - 16.22. Transient expression systems, 
comprising a suitable expression vector and a host cell, allow for the convenient positive identification of 
polypeptides encoded by cloned DNAs, as well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression systems are particularly usefiil in the invention 
1 S for purposes of identifying analogs and variants of WSX receptor or OB protein that are biologically active WSX 
receptor or OB protein. 

(8) Suitable exenqilary vertebrate cell vectors 
Other methods, vectors, and host cells suitable for adaptation to the synthesis of WSX receptor or OB 
protein in recombinant vertebrate cell culture are described in Gething et al. , Nature 293:620-625 ( 198 1 ); Mantel 
20 e/fl/.,JV<x<are 28 1:40-46 (1979); EP 1 17,060; and EP 1 17,058. A particularly useful plasmid for mammalian cell 
culture expression of WSX receptor or OB protein is pRK5 (EP 307,247) or pSV16B. WO 9 1/0829 1 published 
13 June 1991. 

iii. Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in the vectors herein are the prokaryote, yeast, 

25 or higher eukaryote cells described above. Suitable prokaryotes for this purpose include eubacteria, such as 
Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. coli, 
Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g.. Salmonella typhimurium, Serratia, e.g., Serratia 
marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheni/ormis {e.g., B. licheniformis 4\P 
disclosed in DD 266,7 10 published 12 April 1989), Pseudomonas such as P. aeruginosa, and Streplomyces. One 

30 preferred E. coli cloning host is E. coli 294 (ATCC 31,446), although other strains such as £ coli B, E. coli 
X1776 (ATCC 3 1,537), and E. coli W3 1 10 (ATCC 27,325) are suitable. These examples are illustrative rather 
than limiting. Strain W3 1 10 is a particularly jweferred host or parent host because it is a common host strain for 
recombinant DNA pioduct fermentations. Preferably, the host cell should secrete minimal amounts of proteolytic 
enzymes. For example, strain W31 10 may be modified to effect a genetic mutation in the genes encoding 

35 proteins, with examples of such hosts including E. coli W31 10 strain 27C7. The complete genotype ofllCl 
is tonAA ptrS phoAAElS A(argF-lac)l69 ompTA degP41katf. Strain 27C7 was deposited on 30 October 1 991 
in the American Type Culture Collection as ATCC No. 55,244. Alternatively, the sdnin of E. coli having mutant 
periplasmic protease disclosed in U.S. Patent No. 4,946,783 issued 7 August 1990 may be employed. 
Alternatively still, methods of cloning, e.g., PCR or other nucleic acid polymerase reactions, are suitable. 
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In addition to prolcaryotes, eukaiyotic microbes such as filamentous fimgi or yeast are suitable cloning 
or expression hosts for WSX receptor or OB protein-encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukatyotic host microorganisms. However, a number 
of other genera, species, and strains are commonly available and useful herein, such as Schizosaccharomyces 
5 ;jomte(Beache/a/.,.Va/«re,290:140(1981);EP 139,383 published 2 May 1985); Ar/uyverawyce^ hosts (U.S. 
Patent No. 4,943,529; Fleer et a/., supra) such as, e g , K lactis (MW98-8C, CBS683, CBS4574), K.fragilis 
(ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. wallii (ATCC 56,500), K. 
drosophilarum (ATCC 36,906; Van den Berg et al., supra), K . thermotolerans, and K. marxianus: yarrowia 
(EP 402.226); Pichia pastoris (EP 183,070; Sreckrishna ei a!., J. Basic Microbiol. 28:265-278 (1988)); 
10 Candida; Trichoderma reesia (EP 244,234); Neurospora crassa (Case et al., Proc. Natl Acad Sci USA 
76:5259-5263 (1979)); Schwanniomyces such as Schmnniomyces occidemalis (EP 394,538 published 31 
October 1990); and filamentous fungi such as, e.g.. Neurospora, Penicillium, Tolypocladium (WO 91/00357 
published 10 January 1991), and Aspergillus hosts such as^. nidulam (Ballance et al., Biochem. Biophys. Res. 
Commun. 1 12:284-289(1983); Tilbume?o/., Ge/w 26:205-221 (1983); Yelton etai, Proc. Natl. Acad. Sci. USA 
15 81:1470-1474 (J984))and^ niger Kelly e/ a/., £A/fiOy 4:475-479 (1985). 

Suitable host cells for the expression of glycosylated WSX receptor or OB protein are derived from 
multicellular organisms. Such host cells are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. 
Examples of invertebrate cells include plant and insect cells. Numerous bacuioviral strains and variants and 
20 corresponding permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti 
(mosquito), Aedes albopictus (mosquito), Drosophiia melanogaster (fruitfly), and Bombyx mori have been 
identified. See, e.g., Luckow et al., BioTTechnology 6:47-55 (1988); Miller et al, in Genetic Engineering, 
Setlow et al., eds.. Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et al., /Va/are 315:592-594 
(1985). A variety of viral strains for transfection are publicly available, e.g., the L-1 variant of Autographa 
25 californica NPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein 
according to the present invention, particularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of cotton, com, potato, soybean, pemnia, tomato, and tobacco can be utilized as hosts. 
Typically, plant cells are transfected by incubation with certain strains of the bacterium Agrobacterium 
tumefaciens, which has been previously manipulated to contain the WSX receptor or OB protein-encoding DNA. 
30 During incubation of the plant cell culture with A. tumefaciens, the DNA encoding the WSX receptor or OB 
protein is transferred to the plant cell host such that it is transfected, and will, under appropriate conditions, 
express the WSX receptor or OB protein-encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline synthase promoter and polyadenylation signal 
sequences. Depicker et al., J. Mol. Appl. Gen. 1:561 (1982). In addition, DNA segments isolated from the 
35 upstream region of the T-DNA 7«0 gene are capable of activating or increasing transcription levels of plant- 
expressible genes in recombinant DN A-containing plant tissue. EP 32 1 , 1 96 published 2 1 June 1 989. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in cuhure 
(tissue culture) has become a routine procedure. See, e.g.. Tissue Culture, Academic Press, Kruae and Patterson, 
editors ( 1 973). Examples of useful mammalian host cell lines are monkey kidney C V 1 line transformed by S V40 
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(COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in suspension 
culture, Graham ^t al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese 
hamster ovary cells/-DHFR (CHO, Uriaub et al., Proc. Natl. Acad Sci. USA 77:42 16(1 980)); mouse Sertoli cells 
(TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CVl ATCC CCL 70); African green 
5 monkey kidney cells (VERO-76, ATCC CRL-1 587); human cervical carcinoma cells (HELA, ATCC CCL 2); 
canine kidney cells (MDCK. ATCC CCL 34); bufTalo rat liver cells (BRL 3 A, ATCC CRL 1442); human lung 
cells (WI38, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, 
ATCC CCL5I); TRI cells {UAhaetal.,AnncdsN.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and 
a human hepatoma line (Hep G2). 
10 Host cells are transfected and preferably transformed with the above-described expression or cloning 

vectors for WSX receptor or OB protein production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or amplifying the genes encoding the desired 
sequences. 

Transfection refers to the taking up of an expression vector by a host cell whether or not any coding 

1 5 sequences are in fact expressed. Numerous methods of transfection are knovtrn to the ordinarily skilled artisan, 
for example, CaPO^ and electroporation. Successfiil transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 

Transforation means introducing DNA into an organism so that the DNA is replicable, either as an 
extrachromosomal element or by chromosomal integrant. Depending on the host ceil used, transformation is 

20 done using standard techniques appropriate to such cells. The calcium treatment employing calcium chloride, 
as described in section 1 .82 of Sambrook et al., supra, or electroporation is generally used for prokaryotes or 
other ceils that contain substantial cell-wall barriers. Infection with Agrobacierium lumefaciens is used for 
transformation of certain plant cells, as described by Shaw et al., Gene 23:315 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected using ultrasound treatment as described in WO 

25 91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method of Graham 
et al., Virology 52:456-457 (1978) is preferred. General aspects of mammalian cell host system transformations 
have been described in U.S. Pat. No. 4,399,216 issued 16 August 1983. Transformations into yeast are typically 
carried out according to the method of Van Solingen et al., J. Bact. 130:946 (1977) and Hsiao ei al., Proc. Nail. 

30 Acad. Sci. USA 76:3829 (1979). However, other methods for introducing DNA into cells, such as by nuclear 
microinjection, electroporation, bacterial protoplast fusion with intact cells, or polycations, e.g., polybrene, 
polyomithine, etc., may also be used. For various techniques for transforming mammalian cells, see Keown et 
al.. Methods in Enzymohgy 185:527-537 (1990) and Mansour etal.. Nature 336:348-352 (1988). 
iv. Culturing the Host Cells 

35 Prokaryotic cells used to produce the WSX receptor or OB protein of this invention are cultured in 

suitable media as described generally in Sambrook et al., supra. 

The mammalian host cells used to produce the WSX receptor or OB protein of this invention may be 
cultured in a variety of media. Commercially available media such as Ham's FIO (Sigma), Minimal Essential 
Medium ((MEM), Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ((DMEM), Sigma) 
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are suitable for culturing the host cells. In addition, any of the media described in Ham et at. Meth. Enz. 58 :44 
(1979), Barnes et ai. Anal. Biochem. 102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 
4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30.985 may be used as culture media 
for the host ceils. Any of these media may be supplemented as necessary with hormones and/or other growth 

5 factors (such as insulin, transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium, 
magnesium, and phosphate), buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics 
(such as GENTAMYCIN™ drug), trace elements (defined as inorganic compounds usually present at final 
concentrations in the micromolar range), and glucose or an equivalent energy source. Any other necessary 
supplemenu may also be included at appropriate concentrations that would be known to those skilled in the art. 

) The culture conditions, such as temperature, pH, and the like, are those previously used with the host cell selected 
for expression, and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical techniques for maximizing the productivity of 
mammalian cell cultures can be found in Mammalian Ceil Biotechnology: a Practical Approach, M. Butler, ed. 
(IRL Press, 1991). 

> The host cells referred to in this disclosure encompass cells in culture as well as cells that are within 

a host animal. 

V. Detecting Gene Amplification/Expressioii 
Gene amplification and/or expression may be measured in a sample directly, for example, by 
conventional Southern blotting. Northern blotting to quantitate the transcription of mRNA (Thomas, Proc. Natl. 
t Acad. Sci. USA 77:5201-5205 (1980)), dot blotting (DNA analysis), or in situ hybridization, using an 
appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, particularly 32p. However, other techniques may also be employed, such as using 
biotin-modified nucleotides for introduction into a polynucleotide. The biotin then serves as the site for binding 
to avidin or antibodies, which may be labeled with a wide variety of labels, such as radionuclides, fluorescers, 
enzymes, or the like. Alternatively, antibodies may be employed that can recognize specific duplexes, including 
DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The antibodies in 
turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so that upon the 
formation of duplex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
immunohistochemical staining of tissue sections and assay of cell culture or body fluids, to quantitate directly 
the expression of gene product. With immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the gene product 
coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent labels, 
luminescent labels, and the like. A particularly sensitive staining technique suitable for use in the present 
invention is described by Hsu et ai. Am. J. Clin. Path. 75:734-738 (1980). 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be either 
monoclonal or polyclonal, and may be prepared as described herein. 
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vi. Purification of WSX Receptor or OB Protein 

WSX receptor (e.g., WSX receptor ECD) or OB protein preferably is recovered from the culture 
medium as a secreted polypeptide, although it also may be recovered fh>m host cell lysates. If the WSX receptor 
is membrane-bound, it can be released from the membrane using a suitable detergent solution (e.g. Triton-X 1 00) 
5 When WSX receptor or OB protein is produced in a recombinant cell other than one of human origin, 

the WSX receptor or OB protein is completely free of proteins or polypeptides of human origin. However, it 
is necessary to purify WSX receptor or OB protein from recombinant cell proteins or polypeptides to obtain 
preparations that are substantially homogeneous as to WSX receptor or OB protein. As a first step, the culture 
medium or lysate is centrifuged to remove particulate cell debris. WSX receptor or OB protein thereafter is 

1 0 purified from contaminant soluble proteins and polypeptides, with the following procedures being exemplary 
of suitable purification procedures: by fractionation on an ion-exchange column; ethanol precipitation; reverse 
phase HPLC; chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing; SDS- 
PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex G-TS^*'; and protein A 
Sepharose^" columns to remove contaminants such as IgG. 

1 S WSX receptor or OB protein variants in which residues have been deleted, inserted, or substituted are 

recovered in the same fashion as native sequence WSX receptor or OB protein, taking account of any substantial 
changes in properties occasioned by the variation. Immunoaffinity columns such as a rabbit polyclonal anti-WSX 
receptor or OB protein column can be employed to absorb the WSX receptor or OB protein variant by binding 
it to at least one remaining immune epitope. 

20 A protease inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit 

proteolytic degradation during purification, and antibiotics may be included to prevent the growth of adventitious 
contaminants. 

vii. Covalent Modifications 

Covalent modifications of WSX receptor or OB protein are included within the scope of this invention. 

25 Both native sequence WSX receptor or OB protein and amino acid sequence variants of the WSX receptor or 
OB protein may be covalently modified. One type of covalent modification of the WSX receptor or OB protein 
is introduced into the molecule by reacting targeted amino acid residues of the WSX receptor or OB protein with 
an organic derivatizing agent that is capable of reacting with selected side chains or the N- or C-terminal residues 
of the WSX receptor or OB protein. 

30 Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding amines), such 

as chloroacetic acid or chloroacetarnide, to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl 
residues also are derivatized by reaction with bromotrifluoroacetone, a-bromo-P-(5-imidozoyl)propionic acid, 
chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p- 
chloromercuribenzoate, 2-chloromercuri-4-nitrophenoi, or chloro-7-nitrobenzo-2-oxa-l,3-dia2ole. 

35 Histidyl residues are derivatized by reaction witfi diethylpyrocarbonate at pH 5.5-7.0 because this agent 

is relatively specific for the histidyl side chain. Para-bromophenacyl bromide also is useful; the reaction is 
preferably performed in 0. 1 M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid anhydrides. 
Derivatization with these agents has the effect of reversing the charge of the lysinyl residues. Other suitable 
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reagents for derivatizing a-amino-containing residues include imidoestets such as methyl picolinimidate. 
pyridoxal phosphate, pyridoxal, chloroborohydride, trinitrobenzenesulfonic acid. O-methylisourea, 2,4- 
pentanedione, and transaminase-catalyzed reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them 
) phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginine residues 
requires that the reaction be performed under alkaline conditions because of the high pK^ of the guanidine 
functional group. Furthermore, these reagents may react with the groups of lysine as well as with the arginine 
epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in introducing 
I spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitromethane. Most 
commonly, N-acetylimidizole and tetranitromethane are used to foim O-acetyl tyrosyl species and 3-nitro 
derivatives, respectively. Tyrosyl residues are iodinated using '25j „Ui^ ^^^^^ ,3^^,^^ ^^^^^.^^ 
In radioimmunoassay, the chloramine T method being suitable. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodiimides (R- 
N=C=N-R'), where R and R" are different alkyi groups, such as l-cyclohexyl-3-(2-morpholinyl-4-ethyl) 
carbodiimide or l-ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide. Furthcimore, aspartyl and glutamyl 
residues are converted to asparaginyl and glutaminyl residues by reaction with ammonium ions. 

Derivatization with biftinctional agents is useful for crosslinking WSX receptor or OB protein to a 
water-insoluble support matrix or surface for use in the method for purifying anti-WSX receptor or OB protein 
antibodies, and vice-versa. Commonly used crosslinking agents include, e.g., 1 , i -bis(diazoacetyl)-2- 
phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azidosalicy)ic acid, 
homobifunctional imidoesters. including disuccinimidyl esters such as 3,3'-dithiobis(succinimidylpropionate), 
and bifunctional maleimides such as bis-N-maleimido-1.8-octane. Derivatizing agents such as methyl-3-((p- 
azidophenyl)dithio)propioimidate yield photoactivatable intermediates that are capable of fomiing crosslinks in 
the presence of light. Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated 
carbohydrates and the reactive substrates described in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 
4,247,642; 4,229,537; and 4,330,440 are employed for protein immobilization. 

Glutaminyl and asparaginyl residues are fi-equently deamidated to the corresponding glutamyl and 
aspartyl residues, respectively. These residues are deamidated under neutral or basic conditions. The 
deamidated form of these residues falls within the scope of this invention. 

Other modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups 
of seryl or threonyl residues, methylation of the a-amino groups of lysine, arginine, and histidine side chains 
(T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)), acetylation of the N-terminal amine, and amidation of any Cterminal carboxyl group. 

Another type of covalent modification of the WSX receptor or OB protein included within the scope 
of this invention comprises altering the native glycosylation pattern of the polypeptide. By altering is meant 
deleting one or more carbohydrate moieties found in native WSX receptor or OB protein, and/or adding one or 
more glycosylation sites that are not present in the native WSX receptor or OB protein. 



-31- 



wo 97/25425 PCT/US97/00325 

Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked refers to the attachment 
of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X- 
serine and asparagine-X-threonine, where X is any amino acid except proline, are the recognition sequences for 
enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence of either of 
S these tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked glycosylation refers 
to the attachment of one of the sugars N-aceylgalactosamine, galactose, or xylose to a hydroxylamino acid, most 
commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used. 

Addition of glycosylation sites to the WSX receptor or OB protein is conveniently accomplished by 
altering the amino acid sequence such that it contains one or more of the above-described tripeptide sequences 

1 0 (for N-linked glycosylation sites). The alteration may also be made by the addition of, or substitution by, one 
or more serine or threonine residues to the native WSX receptor or OB protein sequence (for O-linked 
glycosylation sites). For ease, the WSX receptor or OB protein amino acid sequence is preferably altered 
through changes at the DNA level, particularly by mutating the DNA encoding the WSX receptor or OB protein 
at preselected bases such that codons are generated that will translate into the desired amino acids. The DNA 

1 5 mutation(s) may be made using methods described above and in U.S. Pat. No. 5,364,934, supra. 

Another means of increasing the number of carbohydrate moieties on the WSX receptor or OB protein 
is by chemical or enzymatic coupling of glycosides to the polypeptide. These procedures arc advantageous in 
that they do not require production of the polypeptide in a host cell that has glycosylation capabilities for N- or 
O-linked glycosylation. Depending on the coupling mode used, the sugar(s) may be attached to (a) arginine and 

20 histidine, (b) free carboxyl groups, (c) free sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups 
such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as those of phenylalanine, 
tyrosine, or tryptophan, or (f) the amide group of glutamine. These methods are described in WO 87/05330 
published 11 September 1987. and in Aplin eiai, CRCCrit. Rev. Biochem. 259-306 (1981). 

Removal of carbohydrate moieties present on the WSX receptor or OB protein may be accomplished 

25 chemically or enzymatically. Chemical deglycosylation requires exposure of the polypeptide to the compound 
trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the cleavage of most or all 
sugars except the linking sugar (N-acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide 
intact. Chemical deglycosylation is described by Hakimuddin, etal.,Arch. Biochem. Biophys. 259:52 (1987) 
and by Edge et ai. Anal. Biochem. 118:131 (1981). Enzymatic cleavage of carbohydrate moieties on 

30 polypeptides can be achieved by the use of a variety of endo- and exo-glycosidases as described by Thotakura 
etal., Meth. Enzymol. 138:350 (1987). 

Glycosylation at potential glycosylation sites may be prevented by the use of the compound tunicamycin 
as described by Duskin et al., J. Biol. Chem. 257:3 105 (1982). Tunicamycin blocks the formation of protein-N- 
glycoside linkages. 

35 Another type of covalent modification of WSX receptor or OB protein comprises linking the WSX 

receptor or OB protein to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, 
polypropylene glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 
4,301,144; 4,670,417; 4,791.192 or 4,179,337. 
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Since it is often difficult to predict in advance tiie cliaracteristics of a variant WSX receptor or OB 
protein, it vtrili be appreciated that SOTie screening of the recovered variant will be needed to select the optimal 
variant. A change in the immunological character of the WSX receptor or OB protein molecule, such as affinity 
for a given antibody, is also able to be measured by a competitive-type immunoassay. The WSX receptor variant 
is assayed for changes in the ability of the protein to induce cell proliferation in the colony assay of Example 8. 
Other potential modifications of protein or polypeptide properties such as redox or thermal stability, 
hydrophobicity, susceptibility lo proteolytic degradation, or the tendency to aggregate with carriers or into 
multimers are assayed by methods well known in the art. 

vlii. Epitope-Tagged WSX Receptor or OB Protein 
This invention encompasses chimeric polypeptides comprising WSX receptor or OB protein fused to 
a heterologous polypeptide. A chimeric WSX receptor or OB protein is one type of WSX receptor or OB protein 
variant as defined herein. In one preferred embodiment, the chimeric polypeptide comprises a fusion of the WSX 
receptor or OB protein with a tag polypeptide which provides an epitope to which an anti-tag antibody can 
selectively bind. The epitope tag is generally provided at the amino- or carboxyl- teniiinus of the WSX receptor 
or OB protein. Such epitope-tagged forms of the WSX receptor or OB protein are desirable as the presence 
thereof can be delected using a labeled antibody against the tag polypeptide. Also, provision of the epitope tag 
enables the WSX receptor or OB protein to be readily purified by affinity purification using the anti-tag antibody. 
Affinity purification techniques and diagnostic assays involving antibodies are described later herein. 

Tag polypeptides and their respective antibodies are well known in the art. Examples include the flu 
HA tag polypeptide and its antibody 12CA5 (Fielde/a/., iWo/. Cell. Biol. 8:2159-2165 (1988)); thec-myctag 
and the 8F9, 3C7, 6E10, G4, 87 and 9E10 antibodies thereto (Evan et al.. Molecular and Cellular Biology 
5:3610-3616 (1985)); and the Herpes Simplex vinis glycoprotein D (gD) tag and its antibody. Paborsky et al.. 
Protein Engineering 3(6):547-553 (1990). Other tag polypeptides have been disclosed. Examples include the 
Flag-peptide (Hopp et al., BioTechndogy 6: 1204- 12 1 0 ( 1 988)); the KT3 epitope peptide (Martin et al. , Science 
255: 1 92- 1 94 ( 1 992)); an a-tubulin epitope peptide (Skinner et al , J. Biol. Chem. 266: 1 5 1 63- 1 5 1 66 ( 1 99 1 )); 
and the T7 gene 10 protein peptide tag. Lutz-Freyermuth et al, Proc. Natl. Acad Sci. USA 87:6393-6397 
(1990). Once the tag polypeptide has been selected, an antibody thereto can be generated using the techniques 
disclosed herein. 

The general methods suitable for the construction and production of epitope-tagged WSX receptor or 
OB protein are the same as those disclosed hereinabove. WSX receptor or OB protein-tag polypeptide fusions 
are most conveniently constnicted by fusing the cDNA sequence encoding the WSX receptor or OB protein 
portion in-frame to the tag polypeptide DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Oidinarily. when preparing the WSX receptor or OB protein-tag polypeptide chimeras 
of the present invention, nucleic acid encoding the WSX receptor or OB protein will be fused at its 3' end to 
nucleic acid encoding the N-terminus of the tag polypeptide, however 5' fusions are also possible. 

Epitope-tagged WSX receptor or OB protein can be conveniently purified by affinity chromatography 
using the anti-tag antibody. The matrix to which the affinity antibody is attached is most often agarose, but other 
matrices are available {e.g controlled pore glass or poly(styrenedivinyl)benzene). The epitope-tagged WSX 
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receptor or OB protein can be eluted from the affinity column by varying the buffer pH or ionic strength or 
adding chaotropic agents, for example. 

ix. WSX Receptor or OB Protein Immunoadhesins 
Chimeras constructed from a receptor sequence linked to an appropriate immunoglobulin constant 
5 domain sequence (immunoadhesins) are known in die art Immunoadhesins reported in the literature include 
fusions of the T cell receptor* (Gascoigne et a/., Proc. NatlAcad. Sci. USA 84: 2936-2940 (1987)); CD4* 
(Capon etal.. Nature 337: 525-531 (1989); Traunecker etal. Nature 339: 68-70 (1989); Zettmeissl el aL, DNA 
Cell Biol. USA 9: 347-353 (1990); Bym etal.. Nature 344: 667-670 (1990)); L-selectin (homing receptor) 
((Watson et ai, J. Cell. Biol 1 10:2221-2229 (1990); Watson et al.. Nature 349: 164-167 (1991)); CD44* 
10 (Aruffoe/a/.,Ce«61: 1303-1313 (1990)); CD28* and B7* (Linsleye/a/,,7. fir^o. Afe^j'. 173:721-730(1991)); 
CTLA-4* (Lisley et ai, J. Exp. Med. 174: 561-569 (1991)); CD22* (Stamenkovic et ai, Cell 66:1 133-1 144 
(1991)); TNFreceptor{Ashkenazie/fl/., /'roc. Ato/./4ca</. 5c/. USA 88: 10535-10539 (1991); Lesslauer e/ a/., 
Eur. J. Immunol. 27: 2883-2886 (1991); Peppel et ai, J. Exp. Med. 174:1483-1489 (1991)); NP receptors 
(Bennett et ai, J. Biol. Chem. 266:23060-23067 (1991)); and IgE receptor a* (Ridgway et ai. J. Cell. Biol 
IS 1 lS:abstr. 1448 (1991)), where the asterisk (*) indicates that the receptor is member of the immunoglobulin 
superfamily. 

The simplest and most straightforward immunoadhesin design combines the binding region(s) of the 
"adhesin" protein with the hinge and Fc regions of an immunoglobulin heavy chain. Ordinarily, when preparing 
the WSX receptor or OB-immunoglobulin chimeras of the present invention, nucleic acid encoding OB protein 
20 or the extracellular domain of the WSX receptor will be fijsed C-tcrminally to nucleic acid encoding the N- 
terminus of an immunoglobulin constant domain sequence, however N-terminal fusions are also possible. For 
OB-immunoglobulin chimeras, an OB protein fragment which retains the ability to bind to the WSX receptor 
may be employed. 

Typically, in such fusions the encoded chimeric polypeptide will retain at least functionally active hinge, 
25 CH2 and CH3 domains of the constant region of an immunoglobulin heavy chain. Fusions are also made to the 
C-terminus of the Fc portion of a constant domain, or immediately N-tetminal to the CH 1 of the heavy chain or 
the corresponding region of the light chain. 

The precise site at which the fusion is made is not critical; particular sites are well known and may be 
selected in order to optimize the biological activity, secretion or binding characteristics of the WSX receptor or 
30 OB-immunoglobulin chimeras. 

In some embodiments, the WSX receptor or OB-immunoglobulin chimeras are assembled as monomers, 
or hetero- or homo-multimers, and particularly as dimers or tetramers, essentially as illustrated in WO 9 1/08298. 

In a prefeircd embodiment, the OB protein sequence or WSX receptor extracellular domain sequence 
is fused to the N-terminus of the C-terminal portion of an antibody (in particular die Fc domain), containing the 
35 effector fimctions of an immunoglobulin, e.g. immunoglobulin Gl (IgGl). It is possible to fiise the entire heavy 
chain constant region to the OB protein or WSX receptor extracellular domain sequence. However, more 
preferably, a sequence beginning in the hinge region just upstream of the papain cleavage site (which defines IgG 
Fc chemically; residue 216, taking the first residue of heavy chain constant region to be 114, or analogous sites 
of other immunoglobulins) is used in the fusion. In a particularly preferred embodiment, the OB protein or WSX 
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receptor amino acid sequence is fused to the hinge region, CH2 and CH3, or the CHI, hinge, CH2 and CH3 
domains of an IgGl, IgG2, or IgG3 heavy chain. The precise site at which the fusion is made is not critical, and 
the optimal site can be determined by routine experimentation. 

In some embodiments, the WSX receptor or OB-immunoglobulin chimeras are assembled as muitimers, 
5 and particularly as homo-dimers or -tetramers. Generally, these assembled immunoglobulins will have known 
unit strucnires. A basic four chain structural unit is the form in which IgG, IgD, and IgE exist. A four unit is 
repeated in the higher molecular weight immunoglobulins; IgM generally exists as a pentamer of basic four units 
held together by disulfide bonds. IgA globulin, and occasionally IgG globulin, may also exist in multimeric form 
in serum. In the case of multimer, each four unit may be the same or different. 
1 0 Various exemplary assembled WSX receptor or OB-immunoglobuiin chimeras within the scope herein 

are schematically diagrammed below: 

(a) ACL-ACL; 

(b) ACh-(ACh. ACl-ACh. ACl-VhCh, or VlCl-ACh); 

(c) ACl-ACh-(ACl-AC„, ACl-VhCh. VlCl-ACh. or VlCl-VhCh); 
1 5 (d) ACl-Vj^ChKACh, or ACl-V^Ch, or VlCl-AC^); 

(e) VlCl-ACh-(ACl-V,^Ch, or VlCl-ACh); and 

(0(A-Y)„-(VlCl-V„Ch)2, 
wherein 

each A represents identical or different OB protein or WSX receptor amino acid sequences; 
20 is an immunoglobulin light chain variable domain; 

Vj^ is an immunoglobulin heavy chain variable domain; 
is an immunoglobulin light chain constant domain; 
is an immunoglobulin heavy chain constant domain; 
n is an integer greater than 1 ; 
25 Y designates the residue of a covalent cross-linking agent. 

In the interests of brevity, the foregoing structures only show key features; they do not indicate joining 
(J) or other domains of the immunoglobulins, nor are disulfide bonds shown. However, where such domains are 
required for binding activity, they shall be constructed as being present in the ordinary locations which they 
occupy in the immunoglobulin molecules. 
30 Alternatively, the OB protein or WSX receptor extracellular domain sequence can be inserted between 

immunoglobulin heavy chain and light chain sequences such that an immunoglobulin comprising a chimeric 
heavy chain is obtained. In this embodiment, the OB protein or WSX receptor sequence is fused to the 3' end 
of an immunoglobulin heavy chain in each arm of an immunoglobulin, either between the hinge and the CH2 
domain, or between the CH2 and CH3 domains. Similar constructs have been reported by Hoogenboom et al, 
35 Mol. Immunol., 28:1027-1037 (1991). 

Although the presence of an immunoglobulin light chain is not required in the immunoadhesins of the 
present invention, an immunoglobulin light chain might be present either covalently associated to an OB protein 
or WSX receptor-immunoglobulin heavy chain fijsion polypeptide, or directly fused to the WSX receptor 
extracellular domain or OB protein. In the former case, DNA encoding an immunoglobulin light chain is 
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typically coexpressed with the DNA encoding the OB protein or WSX receptor-immunoglobulin heavy chain 
fusion protein. Upon secretion, the hybrid heavy chain and the light chain will be covalently associated to 
provide an immunoglobulin-like structure comprising two disulfide-Iinked immunoglobulin heavy chain-light 
chain pairs. Methods suitable for the preparation of such structures are, for example, disclosed in U.S. Patent 
5 No. 4,8 1 6,567 issued 28 March 1 989. 

In a preferred embodiment, the immunoglobulin sequences used in the construction of the 
immunoadhesins of the present invention are ftom an IgG immunoglobulin heavy chain constant domain. For 
human immunoadhesins, the use of human IgGl and IgG3 immunoglobulin sequences is preferred. A major 
advantage of using IgGl is that IgGl immunoadhesins can be purified efficiently on immobilized protein A. In 

1 0 contrast, purification of lgG3 requires protein G, a significantly less versatile medium. However, other structural 
and functional properties of immunoglobulins should be considered when choosing the Ig fusion partner for a 
particular immunoadhesin construction. For example, the IgG3 hinge is longer and more flexible, so it can 
accommodate larger adhesin domains that may not fold or function properly when fused to IgGl. Another 
consideration may be valency; IgG immunoadhesins are bivalent homodimers, whereas Ig subtypes like IgA and 

15 IgM may give rise to dimeric or pentameric structures, respectively, of the basic Ig homodimer unit. For 
immunoadhesins designed for in vivo application, the pharmacokinetic properties and the effector functions 
specified by the Fc region are important as well. Although IgG 1 , IgG2 and lgG4 all have in vivo half-lives of 
21 days, their relative potencies at activating the complement system are different. lgG4 does not activate 
complement, and lgG2 is significantly weaker at complement activation than IgG 1 . Moreover, unlike IgG 1 , 

20 lgG2 does not bind to Fc receptors on mononuclear ceils or neutrophils. While lgG3 is optimal for complement 
activation, its in vivo half-life is approximately one third of the other IgG isotypes. Another important 
consideration for immunoadhesins designed to be used as human therapeutics is the number of allotypic variants 
of the particular isotype. In general, IgG isotypes with fewer serologically-defuied allotypes are preferred. For 
example, IgGl has only four serologically-defmed allotypic sites, two of which (Glm and 2) are located in the 

25 Fc region; and one of these sites G 1ml, is non-immunogenic. In contrast, there are 12 serologically-defined 
allotypes in IgG3, all of which are in the Fc region; only three of these sites (G3m5, 1 1 and 21) have one allotype 
which is nonimmunogenic. Thus, the potential imraunogenicity of a y3 immunoadhesin is greater than that of 
a Y 1 immunoadhesin. 

With respect to the parental immunoglobulin, a useful joining point is just upstream of the cysteines of 
30 the hinge that form the disulfide bonds between the two heavy chains. In a frequently used design, the codon 
for the C-terminal residue of the WSX receptor or OB protein part of the molecule is placed directly upstream 
of the codons for die sequence DKTHTCPPCP (SEQ ID NO:44) of the IgGl hinge region. 

The general methods suitable for the construction and expression of immunoadhesins are the same as 
those disclosed hereinabove with regard to WSX receptor and OB protein. Immunoadhesins are most 
35 conveniently constructed by fusing the cDNA sequence encoding the WSX receptor or OB protein portion in- 
fnaae to an Ig cDNA sequence. However, fusion to genomic Ig fragments can also be used (see, e.g., Gascoigne 
et al., Proc. Natl. Acad Set USA, 84:2936-2940 (1 987); Aniffo e/ a/. , Ce// 6 1 : 1 303- 1 3 1 3 ( 1 990); Stamenkovic 
etai, Cfe// 66:1 133-1 144 (1991)). The latter type of fusion requires the presence of Ig regulatoiy sequences for 
expression. cDNAs encoding IgG heavy-chain constant regions can be isolated based on published sequence 
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from cDNA libraries derived from spleen or peripheral blood lymphocytes, by hybridization or by polymerase 
chain reaction (PCR) techniques. The cDNAs encoding the WSX receptor or OB protein and Ig parts of the 
immunoadhesin are inserted in tandem into a plasmid vector that directs efficient expression in the chosen host 
cells. For expression in mammalian cells, pRK5-based vectors (Schall et al, Cell 61:361-370 (1990)) and 
5 CDM8-based vectors (Seed, Nature 329:840 (1989)) can be used. The exact junction can be created by 
removing the extra sequences between the designed junction codons using oligonucleotide-directed deletlonal 
mutagenesis (Zoller ei al.. Nucleic Acids Res. 10:6487 (1982); Capon et al.. Nature 337:525-531 (1989)). 
Synthetic oligonucleotides can be used, in which each half is complementary to the sequence on either side of 
the desired junction; ideally, these are 36 to 48-mers. Altematively. PCR techniques can be used to Join the two 
1 0 parts of the molecule in-frame with an appropriate vector. 

The choice of host cell line for the expression of the immunoadhesin depends mainly on the expression 
vector. Another consideration is the amount of protein that is required. Milligram quantities often can be 
produced by transient transfections. For example, the adenovirus EI A-transfoimed 293 human embryonic kidney 
cell line can be transfected transiently with pRK5-based vectors by a modification of the calcium phosphate 
1 5 method to allow efficient immunoadhesin expression. CDM8-based vectors can be used to transfect COS cells 
by the DEAE-dextran method (Aruffo et al.. Cell 61 : 1303-1313 (1 990); Zettmeissl et al., DNA Cell Biol US 
9:347-353 (1990)). Iflarger amounts of protein are desired, the immunoadhesin can be expressed after stable 
transfection of a host cell line. For example, a pRK5-based vector can be introduced into Chinese hamster ovary 
(CHO) cells in the presence of an additional plasmid encoding dihydrofolate reductase (DHFR) and conferring 
20 resistance to G4 18. Clones resistant to G4 18 can be selected in culture; these clones are grown in the presence 
of increasing levels of DHFR inhibitor methotrexate; clones are selected, in which the number of gene copies 
encoding the DHFR and immunoadhesin sequences is co-amplified. If the immunoadhesin contains a 
hydrophobic leader sequence at its N-teraiinus, it is likely to be processed and secreted by the transfected cells. 
The expression of immunoadhesins with more complex structures may require uniquely suited host ceils; for 
25 example, components such as light chain or J chain may be provided by certain myeloma or hybridoma eel I hosts 
(Gascoignee/a/., mi, supra. Martin et al., J. ViroL 67:3561-3568(1993)). 

Immunoadhesins can be conveniently purified by affinity chromatography. The suitability of protein 
A as an affinity ligand depends on the species and isotype of the immunoglobulin Fc domain that is used in the 
chimera. Protein A can be used to purify immunoadhesins that are based on human Y 1. y2. or y4 heavy chains 
30 (Lindmark et al, J. Immunol. Meth. 62: 1-13 (1983)). Protein G is recommended for ail mouse isotypes and for 
human y3 (Guss etai, EMBOJ. 5:1567-1575 (1986)). The matrix to which the affinity ligand is attached is 
most often agarose, but other matrices are available. Mechanically stable matrices such as controlled pore glass 
or poly{styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be achieved 
with agarose. The conditions for binding an immunoadhesin to the protein A or G affinity column are dictated 
35 entirely by the characteristics of the Fc domain; that is, its species and isotype. Generally, when the proper ligand 
is chosen, efficient binding occurs directly ftt)m unconditioned culture fluid. One distinguishing feature of 
immunoadhesins is that, for human y 1 molecules, the binding capacity for protein A is somewhat diminished 
relative to an antibody of the same Fc type. Bound immunoadhesin can be efficiently eluted either at acidic pH 
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(at or above 3.0), or in a neutral pH buffer containing a mildly chaotropic salt. This affinity chromatography step 
can result in an immunoadhesin preparation that is >9S% pure. 

Other methods known in the art can be used in place of, or in addition to, affinity chromatography on 
protein A or G to purify immunoadhesins. Immunoadhesins behave similarly to antibodies in thiophilic gel 
5 chromatography (Hutchens et ai. Anal. Biochem. 159:217-226 (1986)) and immobilized metal chelate 
chromatography <A1-Mashlkhi etal., J. Dairy Sci. 71:1756-1763 (1988)). In contrast to antibodies, however, 
their behavior on ion exchange columns is dictated not only by their isoelectric points, but also by a charge dipole 
that may exist in the molecules due to their chimeric nature. 

If desired, the immunoadhesins can be made bispecific. Thus, the immunoadhesins of the present 

] 0 invention may combine a WSX receptor extracellular domain and a domain, such as the extracellular domain, 
of another cytokine receptor subunit. Exemplary cytokine receptors from which such bispecific immunoadhesin 
molecules can be made include TPO (or mpl ligand), EPO, G-CSF, IL-4, lL-7, GH, PRL, lL-3, GM-CSF, lL-5, 
IL-6, LIF, OSM,CNTF and IL-2 receptors. Alternatively, an OB protein domain may be combined with anodier 
cytokine, such as those exemplified herein, in the generation of a bispecific immunoadhesin. For bispecific 

1 5 molecules, trimeric molecules, composed of a chimeric antibody heavy chain in one arm and a chimeric antibody 
heavy chain-light chain pair in the other aim of their antibody-like structure are advantageous, due to ease of 
purification. In contrast to antibody-producing quadromas traditionally used for the production of bispecific 
immunoadhesins, which produce a mixture often tetramers, cells transfected with nucleic acid encoding the three 
chains of a trimeric immunoadhesin structure produce a mixture of only three molecules, and purification of the 

20 desired product from this mixture is correspondingly easier. 

X. Long Half-Life Derivatives of OB Protein 

Prefered OB protein functional derivatives for use in the methods of the present invention include OB- 
immunoglobulin chimeras (immunoadhesins) and other longer half-life molecules. Techniques for generating 
OB protein immunoadhesins have been described above. The prefered OB immunoadhesin is made according 

25 to the techniques described in Example 1 1 below. 

Other derivatives of the OB proteins, which possess a longer half-life than the native molecules 
comprise &e OB protein or an OB-immunoglobulin chimera covalently bonded to a nonproteinaceous polymer. 
The nonproteinaceous polymer ordinarily is a hydrophilic synthetic polymer, i. e. , a polymer not otherwise found 
in nature. However, polymers which exist in nature and are produced by recombinant or in vitro methods are 

30 useful, as are polymers which are isolated from native sources. Hydrophilic polyvinyl polymers fall within the 
scope of this invention, e.g. polyvinylalcohol and polyvinylpyrrolidone. Particularly useful are polyalkylene 
ethers such as polyethylene glycol (PEG); polyelkylenes such as polyoxyethylene, polyoxypropylene, and block 
copolymers of polyoxyethylene and polyoxypropylene (PluronicsT*^; polymethacrylates; carbomers; branched 
or unbranched polysaccharides which comprise the saccharide monomers D-mannose, D- and L-galactose, 

35 fiicose, fructose, D-xylose, L-arabinose, D-glucuronic acid, sialic acid, D-galacturonic acid, D-mannuronic acid 
(e.g. polymannunKiic acid, or alginic acid), D-glucosamine, D-gatactosamine, D-glucose and neuraminic acid 
including homopolysaccharides and heteropolysaccharides such as lactose, amylopectin, starch, hydroxyethyl 
starch, amylose, dextranc sulfete, dextran, dextrins, glycogen, or the polysaccharide subunit of acid 
mucopolysaccharides, e.g. hyaluronic acid; polymers of sugar alcohols such as polysorbitol and polymannitol; 
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heparin or heparon. The polymer prior to cross-linking need not be, but preferably is, water soluble, but the final 
conjugate must be water soluble. Jn addition, the polymer should not be highly immunogenic in the conjugate 
form, nor should it possess viscosity that is incompatible with intravenous infusion or injection if it is intended 
to be administered by such routes. 
5 Preferably the polymer contains only a single group which is reactive. This helps to avoid cross-linking 

of protein molecules. However, it is within the scope herein to optimize reaction conditions to reduce cross- 
linking, or to purify the reaction products through gel filtration or chromatographic sieves to recover substantially 
homogenous derivatives. 

The molecular weight of the polymer may desirably range from about 1 00 to 500,000, and preferably 
10 is from about 1,000 to 20,000. The molecular weight chosen will depend upon the nature of the polymer and 
the degree of substitution. In general, the greater the hydrophilicity of the polymer and the greater the degree 
of substitution, the lower the molecular weight that can be employed. Optimal molecular weights will be 
determined by routine experimentation. 

The polymer generally is covalently linked to the OB protein or to the OB-immunoglobulin chimera 
1 5 though a multifiinctional crosslinking agent which reacts with the polymer and one or more amino acid or sugar 
residues of the OB protein or OB-immunoglobulin chimera to be linked. However, it is within the scope of the 
invention to directly crosslink the polymer by reacting a derivatized polymer with the hybrid, or via versa. 

The covalent crosslinking site on the OB protein or OB-immunoglobulin chimera includes the N- 
terminal amino group and epsilon amino groups found on lysine residues, as well as other amino, imino, 
20 carboxyi, sulfhydryl, hydroxyl or other hydrophilic groups. The polymer may be covalently bonded directly to 
the hybrid without the use of a multifunctional (ordinarily bifunctional) crosslinking agent. Covalent binding 
to amino groups is accomplished by known chemistries based upon cyanuric chloride, carbonyl diimidazole, 
aldehyde reactive groups (PEG alkoxide plus diethyl acctal of bromoacetaldehyde; PEG plus DMSO and acetic 
anhydride, or PEG chloride plus the phenoxide of 4-hydroxybenzaldehyde, succinimidyl active esters, activated 
25 dithiocarbonate PEG, 2,4,5-trichlorophenylclorDformate or P-nitrophenylcloroformate activated PEG). Carboxyi 
groups are derivatized by coupling PEG-amine using carbodiimide. 

Polymers are conjugated to oligosaccharide groups by oxidation using chemicals, e.g. metaperiodate, 
or enzymes, e.g. glucose or galactose oxidase (either of which produces the aldehyde derivative of the 
carbohydrate), followed by reaction with hydrazide or amino derivatized polymers, in the same fashion as is 
30 described by Heitzmann et al., P.N.A.S. 71:3537-41 (1974) or Bayer el ai. Methods in Emymology 62:310 
(1979), fertile labeling of oligosaccharides with biotin or avidin. Further, other chemical or enzymatic methods 
which have been used heretofore to link oligosaccharides are particularly advantageous because, in general, there 
arc fewer substitutions than amino acid sites for derivatization, and the oligosaccharide products thus will be 
more homogenous. The oligosaccharide substituents also are optionally modified by enzyme digestion to remove 
35 sugars, e.g. by neuraminidase digestion, prior to polymer derivatization. 

The polymer will bear a group which is directly reactive with an amino acid side chain, or the N- or C- 
terminus of the polypeptide linked, or which is reactive with the multifunctional cross-linking agent In general, 
polymers bearing such reactive groups are known for the preparation of immobilized proteins. In order to use 
such chemistries here, one should employ a water soluble polymer otherwise derivatized in the same fashion as 
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insoluble polymers heretofore employed for protein immobilization. Cyanogen bromide activation is a 
particularly useful procedure to employ in crosslinking polysaccharides. 

"Water soluble" in reference to the starting polymer means that the polymer or its reactive intermediate 
used for conjugation is sufficiently water soluble to participate in a derivatization reaction. 
5 "Water soluble" in reference to the polymer conjugate means that the conjugate is soluble in 

physiological fluids such as blood. 

The degree of substitution with such a polymer will vary depending upon the number of reactive sites 
on the protein, whether all or a fragment of the protein is used, whether the protein is a fusion with a heterologous 
protein (e.g. an OB-immunoglobulin chimera), the molecular weight, hydrophilicity and other characteristics 

10 of the polymer, and the particular protein derivatization sites chosen. In general, the conjugate contains about 
from 1 to 10 polymer molecules, while any heterologous sequence may be substimted with an essentially 
unlimited number of polymer molecules so long as the desired activity is not significantly adversely affected. 
The optimal degree of cross-linking is easily determined by an experimental matrix in which the time, 
temperature and other reaction conditions are varied to change the degree of substitution, after which the ability 

1 S of the conjugates to fiinction in the desired fashion is determined. 

The polymer, e.g. PEG, is cross-linked by a wide variety of methods known per se for the covalent 
modification of proteins with nonprotcinaceous polymers such as PEG. Certain of these methods, however, are 
not preferred for the purposes herein. Cyanuronic chloride chemistry leads to many side reactions, including 
protein cross-linking. In addition, it may be particularly likely to lead to inactivation of proteins containing 

20 sulfhydryl groups. Carbonyl diimidazole chemistry (Beauchamp et ai. Anal Biochem. 131:25-33 (1983)) 
requires high pH (>8.5), which can inactivate proteins. Moreover, since the "activated PEG" intermediate can 
react with water, a very large molar excess of "activated PEG" over protein is required. The high concentrations 
of PEG required for the carbonyl diimidazole chemistry also led to problems in purification, as both gel filtration 
chromatography and hydrophilic interaction chromatography are adversely affected. In addition, the high 

25 concentrations of "activated PEG" may precipitate protein, a problem that per se has been noted previously 
(Davis, U.S. Patent No. 4,179,337). On the other hand, aldehyde chemistry (Royer, U.S. Patent No. 4,002,531) 
is more efficient since it requires only a 40-fold molar excess of PEG and a 1-2 hr incubation. However, the 
manganese dioxide suggested by Royer for preparation of the PEG aldehyde is problematic "because of the 
pronounced tendency of PEG to form complexes with metal-based oxidizing agents" (Harris et ai, 1 Polym. 

30 Sci. Polym. Chem. Ed. 22:341-52 (1984)). The use of a Moffatt oxidation, utilizing DMSO and acetic anhydride, 
obviates this problem. In addition, the sodium borohydride suggested by Royer must be used at high pH and has 
a significant tendency to reduce disulfide bonds. In contrast, sodium cyanoborohydride, which is effective at 
neutral pH and has very little tendency to reduce disulfide bonds is preferred. 

Functionalized PEG polymers to modify the OB protein or OB-immunoglobul in chimeras of the present 

35 invention are available fh>m Shearwater Polymers, Inc. (Huntsville, AL). Such commercially available PEG 
derivatives include, but are not limited to, amino-PEG, PEG amino acid esters, PEG-hydrazide, PEG-thiol, PEG- 
succinate, caiboxymethylated PEG, PEG-propionic acid, PEG amino acids, PEG succinimidyl succinate, PEG 
succinimidyl propionate, succinimidyl ester of caiboxymethylated PEG, succinimidyl carbonate of PEG, 
succinimidyl esters of amino acid PEGs, PEG-oxycarbonylimidazole, PEG-nitrophenyl carbonate, PEG tresylate, 
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PEG-glycidyl ether, PEG-aldehyde, PEG vinylsulfone, PEG-maleimide, PEG-orthopyridyi-disulfide, 
heterofunctional PEGs, PEG vinyl derivatives, PEG silanes, and PEG phospholides. The reaction conditions 
for coupling these PEG derivatives will vary depending on the protein, the desired degree of PEGylation, and 
the PEG derivative utilized. Some factors involved in the choice of PEG derivatives include: the desired point 
5 of attachment (lysine or cysteine), hydrolytic stability and reactivity of the derivatives, stability, toxicity and 
antigenicity of the linkage, suitability for analysis, etc. Specific instructions for the use of any particular 
derivative are available from the manufacturer. 

The long half-life conjugates of this invention are separated from the unreacted starting materials by 
gel filtration. Heterologous species of the conjugates are purified from one another in the same fashion. The 
1 0 polymer also may be water-insoluble, as a hydrophilic gel. 

The conjugates may also be purified by ion-exchange chromatography. The chemistry of many of the 
electrophilically activated PEG's results in a reduction of amino group charge of the PEGylated product. Thus, 
high resolution ion exchange chromatography can be used to separate the free and conjugated proteins, and to 
resolve species with different levels of PEGylation. In fact, the resolution of different species (e.g. containing 
15 one or two PEG residues) is also possible due to the difference in the ionic properties of the unreacted amino 
acids. 

B. Therapeutic Uses for the WSX Receptor 

The WSX receptor and WSX receptor gene are believed to find therapeutic use for administration to 
a mammal in the treatment of diseases characterized by a decrease in hematopoietic cells. Examples of these 

20 diseases include: anemia (including macrocytic and aplastic anemia); thrombocytopenia; hypoplasia; 
disseminated intravascularcoagulation (DlC); myelodysplasia; immune (autoimmune) thrombocytopen ic purpura 
(ITP); and HIV induced ITP. Additionally, these WSX receptor molecules may be useful in treating 
myeloproliferative thrombocytotic diseases as well as thrombocytosis from inflammatory conditions and in iron 
deficiency. WSX receptor polypeptide and WSX receptor gene which lead to an increase in hematopoietic cell 

25 proliferation may also be used to enhance repopulation of mature blood cell lineages in cells having undergone 
chemo- or radiation therapy or bone marrow wansplantation therapy. Generally, the WSX receptor molecules 
are expected to lead to an enhancement of the proliferation and/or differentiation (but especially proliferation) 
of primitive hematopoietic cells. Other potential therapeutic applications for WSX receptor and WSX receptor 
gene include the treatment of obesity and diabetes and for promoting kidney, liver and lung growth and/or repair 

30 {e.g. in renal failure), WSX receptor can also be used to treat obesity-related conditions, such as type II adult 
onset diabetes, infertility, hypercholesterolemia, hyperlipidemia, cardiovascular disease and hypertension. 

The WSX receptor may be administered alone or in combination with cytokines (such as OB protein), 
growrth factors or antibodies in the above-identified clinical situations. This may facilitate an effective lowering 
of the dose of WSX receptor. Suitable dosages for such additional molecules will be discussed below. 

35 Administration of WSX receptor to a mammal having depressed levels of endogenous WSX receptor 

or a defective WSX receptor gene is contemplated, preferably in the situation where such depressed levels lead 
to a pathological disorder, or where there is lack of activation of the WSX receptor. In these embodiments where 
the lull length WSX receptor is to be administered to the patient, it is contemplated that the gene encoding the 
receptor may be administered to the patient via gene therapy technology. 
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In gene therapy applications, genes are introduced into cells in order to achieve in vivo synthesis of a 
therapeutically effective genetic product, for example for replacement of a defective gene. "Gene therapy" 
includes both conventional gene therapy where a lasting effect is achieved by a single treatment, and the 
administration of gene therapeutic agents, which involves the one time or repeated administration of a 
5 therapeutically effective DNA or mRNA. Amisense RNAs and DNAs can be used as therapeutic agents for 
blocking the expression of certain genes in vivo. It has already been shown that short antisense oligonucleotides 
can be imported into cells where they act as inhibitors, despite their low intracellular concentrations caused by 
their restricted uptake by the cell membrane. (Zamecnik el ai, Proc. Natl. Acad. Sci. USA, 83:4143-4146 
(1986)). The oligonucleotides can be modified to enhance their uptake, e.g., by substituting their negatively 

10 charged phosphodiester groups by uncharged groups. 

There are a variety of techniques available for introducing nucleic acids into viable cells. The 
techniques vary depending upon whether the nucleic acid is transferred into cultured cells in vitro, or in vivo in 
the cells of the intended host. Techniques suitable for the transfsr of nucleic acid into mammalian cells in vitro 
include the use of liposomes, electroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate 

1 5 precipitation method, etc. The cunrently preferred in vivo gene transfer techniques include transfection with viral 
(typically retroviral) vectors and viral coat protein-liposome mediated transfection (Dzau et ai. Trends in 
Biotechnology 1 1 :205-210 (1993)). In some situations it is desirable to provide the nucleic acid source with 
an agent that targets the target cells, such as an antibody specific for a cell surface membrane protein or the target 
cell, a ligand for a receptor on the target cell, etc. Where liposomes are employed, proteins which bind to a cell 

20 surface membrane protein associated with endocytosis may be used for targeting and/or to facilitate uptake, eg 
capsid proteins or fragments thereof tropic for a particular cell type, antibodies for proteins which undergo 
internalization in cycling, and proteins that target intracellular localization and enhance intracellular half-life. 
The technique of receptor-mediated endocytosis is described, for example, by Wu et ai, J. Biol. Chem. 
262:4429-4432 (1987); and Wagner e/ a/., Proc. Natl Acad. Sci. USA 87:3410-3414 (1990). For review of the 

25 currently known gene marking and gene therapy protocols see Anderson et ai , Science 256:808-8 13(1 992). 

The invention also provides antagonists of WSX receptor activation (e.g. WSX receptor ECD, WSX 
receptor immunoadhesins and WSX receptor antisense nucleic acid; neutralizing antibodies and uses thereof are 
discussed in section E below). Administration of WSX receptor antagonist to a mammal having increased or 
excessive levels of endogenous WSX receptor activation is contemplated, preferably in the situation where such 

30 levels of WSX receptor activation lead to a pathological disorder. 

In one embodiment, WSX receptor antagonist molecules may be used to bind endogenous ligand in the 
body, thereby causing desensitized WSX receptors to become responsive to WSX ligand, especially when the 
levels of WSX ligand in the serum exceed normal physiological levels. Also, it may be beneficial to bind 
endogenous WSX ligand which is activating undesired cellular responses (such as proliferation of tumor cells). 

35 Potential therapeutic applications for WSX antagonists include for example, treatment of metabolic disorders 
{e.g., anorexia, cachexia, steroid-induced tnincalobesity and other wasting diseases characterized by loss 
of appetite, diminished food intake or body weight loss), stem cell tumors and other tumors which express 
WSX leceptor. 
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Pharmaceutical compositions of the WSX receptor ECD may further include a WSX ligand. Such dual 
compositions may be beneficial where it is therapeutically useful to prolong half-life of WSX ligand, and/or 
activate endogenous WSX receptor directly as a heterotrimeric complex. 

Therapeutic formulations of WSX receptor are prepared for storage by mixing WSX receptor having 
5 the desired degree of purity with optional physiologically acceptable carriers, cxcipients, or stabilizers 
(Remington's Pharmaceutical Sciences, 16th edition, Osol, A„ Ed., (1980)), in the form of lyophilized cake or 
aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as phosphate, citrate, and other organic acids; antioxidants 
including ascorbic acid; low molecular weight (less than about 1 0 residues) polypeptides; proteins, such as serum 
10 albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as 
glycine, glutamine, asparagine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or 
sorbitol; salt-forming counter-ions such as sodium; and/or non-ionic surfactants such as Tween, Pluronics™ or 
polyethylene glycol (PEG). 

15 The WSX receptor also may be entrapped in microcapsules prepared, for example, by coacervation 

techniques or by interfacial polymerization (for example, hydroxymethylcellulose or gelatin-microcapsules and 
poly-(methylmethacy]ate) microcapsules, respectively), in colloidal drug delivery systems (for example, 
liposomes, albumin microspheres, microemulsions, nano-particies, and nanocapsules), or in macroemulsions. 
Such techniques are disclosed in Remington's Pharmaceutical Sciences, supra. 

20 WSX receptor to be used for in vivo administration must be sterile. This is readily accomplished by 

filtration through sterile filtration membranes, prior to or following lyophilization and reconstitution. WSX 
receptor ordinarily will be stored in lyophilized form or in solution. 

Therapeutic WSX receptor compositions generally are placed into a container having a sterile access 
port, for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection 

25 needle. 

The route of WSX receptor administration is in accord with known methods, e.g., those routes set forth 
above for specific indications, as well as the general routes of injection or infusion by intravenous, 
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial, or intralesional means, or sustained release 
systems as noted below. WSX receptor is administered continuously by infusion or by bolus injection. 
30 Generally, where the disorder permits, one should formulate and dose the WSX receptor for site-specific 
delivery. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the protein, which matrices are in the form of shaped articles, e.g., films, or 
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (e.g., poly(2-hydroxyethyl- 
35 methacrylate) as described by Langfir et at., J. Biomed Mater. Res. 15:167-277 (1981) and Langer, Chem. Teck 
12:98-105 (1982) or poly(vinylalcohol)), polylactides (U.S. Patent No. 3,773.919, EP 58,481), copolymers of 
L-glutamic acid and y ethyl-L-glutamate (Sidman etal, Biopofymers 22:547-556 (1983)), non-degradable 
ethylene-vinyl acetate (Langer et al, supra), dcgradable lactic acid-glycolic acid copolymers such as the Lupron 
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Depot^" (injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and 
poly-D-(-)-3-hydroxybutyric acid (EP 133,988). 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules 
for over 100 days, certain hydrogels release proteins for shorter time periods, When encapsulated proteins 
5 remain in the body for a long time, diey may denature or aggregate as a result of exposure to moisture at 37° C, 
resulting in a loss of biological activity and possible changes in immunogenicity. Rational strategies can be 
devised for protein stabilization depending on the mechanism involved. For example, if the aggregation 
mechanism is discovered to be intermolecuiar S-S bond formation through thio-disulfide interchange, 
stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling 

1 0 moisture content, using appropriate additives, and developing specific polymer matrix compositions. 

Sustained-release WSX receptor compositions also include liposomally entrapped WSX receptor. 
Liposomes containing WSX receptor are prepared by methods known per se: DE 3,2 1 8, 1 2 1 ; Epstein el al. , Proc. 
Natl. Acad. Sci. USA 82:3688-3692 (1985); Hwang etal., Proc. Natl. Acad. Sci. USA 77:4030-4034 (1980); EP 
52,322; EP 36,676; EP 88,046; EP 143,949; EP 142,641; Japanese patent application 83-1 18008; U.S. Patem 

15 Nos. 4,485.045 and 4,544,545; and EP 102,324. Ordinarily the liposomes are of the small (about 200-800 
Angstroms) unilamellar type in which the lipid content is greater than about 30 mol. % cholesterol, the selected 
proportion being adjusted for the optimal WSX receptor therapy. 

When applied topically, the WSX receptor is suitably combined with other ingredients, such as carriers 
and/or adjuvants. There are no limitations on the nature of such other ingredients, except that they must be 

20 physiologically acceptable and efficacious for their intended administration, and cannot degrade the activity of 
the active ingredients of the composition. Examples of suitable vehicles include ointments, creams, gels, or 
suspensions, with or without purified collagen. The compositions also may be impregnated into transdermal 
patches, plasters, and bandages, preferably in liquid or serai-iiquid form. 

For obtaining a gel fonnulation, the WSX receptor formulated in a liquid composition may be mixed 

25 with an effective amount of a water-soluble polysaccharide or synthetic polymer such as PEG to form a gel of 
the proper viscosity to be applied topically. The polysaccharide that may be used includes, for example, 
cellulose derivatives such as etherifled cellulose derivatives, including alkyl celluloses, hydroxyalkyl celluloses, 
and alkylhydroxyalkyl celluloses, for example, methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose, 
hydroxypropyl methylcellulose, and hydroxypropyl cellulose; starch and fractionated starch; agar; alginic acid 

30 and alginates; gum arable; pullullan; agarose; carrageenan; dcxtrans; dextrins; fructans; inulin; mannans; xylans; 
arabinans; chitosans; glycogens; glucans; and synthetic biopolymers; as well as gums such as xanthan gum; guar 
gum; locust bean gum; gum arable; tragacantfa gum; and karaya gum; and derivatives and mixtures thereof The 
preferred gelling agent herein is one that is inert to biological systems, nontoxic, simple to prepare, and not too 
runny or viscous, and will not destabilize the WSX receptor held within it. 

35 Preferably the polysaccharide is an etherified cellulose derivative, more preferably one that is well 

defined, purified, and listed in USP, e.g., methylcellulose and the hydroxyalkyl cellulose derivatives, such as 
hydroxypropyl cellulose, hydroxyethyl cellulose, and hydroxypropyl methylcellulose. Most preferred herein is 
methylcellulose. 
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The polyethylene glycol usefiil for gelling is typically a mixture of low and high molecular weight PEGs 
to obtain the proper viscosity. For example, a mixture of a PEG of molecular weight 400-600 with one of 
molecular weight 1500 would be efTective for this purpose when mixed in the proper ratio to obtain a paste. 

The term "water soluble" as applied to the polysaccharides and PEGs is meant to include colloidal 
5 solutions and dispersions. In general, the solubility of the cellulose derivatives is determined by the degree of 
substihJtion of ether groups, and the stabilizing derivatives usefiil herein should have a sufficient quantity of such 
ether groups per anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A degree of 
ether substitution of at least 0.35 ether groups per anhydroglucose unit is generally sufficient. Additionally, the 
cellulose derivatives may be in the form of alkali metal salu, for example, the Li. Na, K, or Cs salts. 
0 If methylcellulose is employed in the gel, preferably it comprises about 2-5%. more preferably about 

3%, of the gel and the WSX receptor is present in an amount of about 300-1000 mg per ml of gel. 

An effective amount of WSX receptor to be employed therapeutically will depend, for example, upon 
the therapeutic objectives, the route of administration, and the condition of the patient. Accordingly, it will be 
necessary for the therapist to titer the dosage and modify the route of administration as required to obtain the 
5 optimal therapeutic effect. Typically, the clinician will administer the WSX receptor until a dosage is reached 
that achieves the desired effect. A typical daily dosage for systemic treatment might range from about 1 ng/kg 
to up to 10 mg/kg or more, depending on the factors mentioned above. As an alternative general proposition, 
the WSX receptor is formulated and delivered to the target site or tissue at a dosage capable of establishing in 
the tissue a WSX receptor level greater than about 0.1 ng/cc up to a maximum dose that is efficacious but not 
) unduly toxic. This intra-tissue concentration should be maintained if possible by continuous infusion, sustained 
release, topical application, or injection at empirically determined frequencies. The progress of this therapy is 
easily monitored by conventional assays. 

C. Non-Therapeutic Uses for the WSX Receptor 

WSX receptor nucleic acid is usefiil for the preparation of WSX receptor polypeptide by recombinant 
techniques exemplified herein which can then be used for production of anti- WSX receptor antibodies having 
various utilities described below. 

The WSX receptor (polypeptide or nucleic acid) can be used to induce proliferation and/or 
differentiation of cells in vitro. In particular, it is contemplated that this molecule may be used to induce 
proliferation of stem cell/progenitor cell populations (eg. CD34+ cell populations obtained as described in 
Example 8 below). These cells which are to be grown ex vivo may simultaneously be exposed to other known 
growth factors or cytokines, such as those described herein. This results in proliferation and/or differentiation 
of the cells having the WSX receptor. 

In yet another aspect of the invention, the WSX receptor may be used for affinity purification of WSX 
ligand. Briefly, this technique involves: (a) contacting a source of WSX ligand with an immobilized WSX 
receptor under conditions whereby the WSX ligand to be purified is selectively adsorbed onto the immobilized 
receptor; (b) washing the immobilized WSX receptor and its support to remove non-adsorbed material; and (c) 
eluting the WSX ligand molecules fi-om the immobilized WSX receptor to which they are adsorbed with an 
elation buffer. In a particularly preferred embodiment of affinity purification, WSX receptor is covalently 
attaching to an inert and porous matrix (e.g., agarose reacted with cyanogen bromide). Especially preferred is 
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a WSX receptor immunoadhesin immobilized on a protein A column. A solution containing WSX ligand is then 
passed through the chromatographic material. The WSX ligand adsorbs to the column and is subsequently 
released by changing the elution conditions (e.g. by changing pH or ionic strength). 

The WSX receptor may be used for competitive screening of potential agonists or antagonists for 
S binding to the WSX receptor. Such agonists or antagonists may constitute potential therapeutics for treating 
conditions characterized by insufficient or excessive WSX receptor activation, respectively. 

The preferred technique for identifying molecules which bind to the WSX receptor utilizes a chimeric 
receptor {e.g., epitope tagged WSX receptor or WSX receptor immunoadhesin) attached to a solid phase, such 
as the well of an assay plate. Binding of molecules which are optionally labelled (e.g., radiolabelled) to the 
10 immobilized receptor can be evaluated. 

To identify WSX receptor agonists or antagonists, the thymidine incorporation assay can be used. For 
screening for antagonists, the WSX receptor can be exposed to a WSX ligand followed by the putative 
antagonist, or the WSX ligand and antagonist can be added to the WSX receptor simultaneously, and the ability 
of the antagonist to block receptor activation can be evaluated. 
1 5 The WSX receptor polypeptides are also useful as molecular weight maricers. To use a WSX receptor 

polypeptide as a molecular weight marker, gel filtration chromatography or SDS-PAGE, for example, will be 
used to separate protein(s) for which it is desired to determine their molecular weight(s) in substantially the 
normal way. The WSX receptor and other molecular weight markers will be used as standards to provide a range 
of molecular weights. For example, phosphorylase b (mw = 97,400), bovine serum albumin (mw = 68,000), 
20 ovalbumin (mw = 46,000), WSX receptor {mw = 44,800), trypsin inhibitor (m w = 20, 1 00), and lysozyme (mw 
= 14,400) can be used as mw markers. The other molecular weight markers mentioned here can be purchased 
commercially from Amersham Corporation, Arlington Heights, IL. Hie molecular weight markers are generally 
labeled to facilitate detection thereof For example, the markers may be biotinylated and following separation 
can be incubated with streptavidin-horseradish peroxidase so that the various markers can be detected by light 
25 detection. 

The purified WSX receptor, and the nucleic acid encoding it, may also be sold as reagents for 
mechanism studies of WSX receptor and its ligands, to study the role of the WSX receptor and WSX ligand in 
normal growth and development, as well as abnormal growth and development, e.g., in malignancies. 

WSX receptor variants are useful as standards or controls in assays for the WSX receptor for example 
30 ELISA, RIA, or RRA, provided that they are recognized by the analytical system employed, e.g. , an anti- WSX 
receptor antibody. 

D. WSX Receptor Antibody Preparation 

1. Polyclonal antibodies 
Polyclonal antibodies are generally raised in animals by multiple subcutaneous (sc) or intraperitoneal 
3S (ip) injections of the relevant antigen and an adjuvant. In that the preferred epitope is in the ECD of the WSX 
receptor, it is desirable to use WSX receptor ECD or a molecule comprising the ECD (e.g., WSX receptor 
immunoadhesin) as the antigen for generation of polyclonal and monoclonal antibodies. It may be useful to 
conjugate the relevant antigen to a protein that is immunogenic in the species to be immunized, eg , keyhole 
limpet hemocyanin, serum albumin, bovine thyrogiobulin, or soybean trypsin inhibitor using a bifunctional or 
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derivatizing agent, for example, maleimidobenzoyi sulfosuccinimide ester (conjugation through cysteine 
residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, SOCIj, or 
r'n=C=NR, where R and r' are different alkyl groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining 1 
5 mg or 1 Mg of the peptide or conjugate (for rabbits or mice, respectively) with 3 volumes of Freund's complete 
adjuvant and injecting the solution intradermally at multiple sites. One month later the animals are boosted with 
1/5 to 1/10 the original amount of peptide or conjugate in Freund's complete adjuvant by subcutaneous injection 
at multiple sites. Seven to 14 days later the animals are bled and the serum is assayed for antibody titer. Animals 
are boosted until the titer plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but 
0 conjugated to a different protein and/or through a different cross-linking reagent. Conjugates also can be made 
in recombinant cell culture as protein fusions. Also, aggregating agents such as alum are suitably used to 
enhance the immune response. 

2. Monoclonal antibodies 
Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies, i.e., 
5 the individual antibodies comprising the population are identical except for possible naturally occurring 
mutations that may be present in minor amounts. Thus, the modifier "monoclonal" indicates the character of the 
antibody as not being a mixture of discrete antibodies. 

For example, the monoclonal antibodies may be made using the hybridoma method first described by 
Kohler el al.. Nature 256:495 (1975), or may be made by recombinant DNA methods (Cabilly et al. , supra). 
' In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is immunized 

as hereinabove described to elicit lymphocytes that produce or are capable of producing antibodies that will 
specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell (Coding, Monoclonal Antibodies: Principles and Practice, pp.59- 1 03 (Academic Press, 
1986)). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably 
contains one or more substances that inhibit the growth or survival of the unfused, parental myeloma cells. For 
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or HPRT), the culture medium for the hybridomas typically will include hypoxanthine, aminopterin, 
and thymidine (HAT medium), which substances prevent the growth of HGPRT-deflcient cells. 

Prefeired myeloma cells are those that fiise efficiently, support stable high-level production of antibody 
by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. Among these, 
preferred myeloma cell lines are murine myeloma lines, such as those derived from MOPC-21 and MPC-1 1 
mouse tumors available from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 
cells available from the American Type Culture Collection, RockviUe, Maryland USA. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human monoclonal 
antibodies (Kozbor, J. Immunol. 133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Techniques 
and Applications, pp. 5 1-63 (Marcel Dekkcr, Inc., New York, 1987)). 
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Culture medium in which hybridoma cells are growing is assayed for production of monoclonal 
antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced 
by hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA). 
5 The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard 

analysis of Munson el al, Anal. Biochem. 107:220 (1980). 

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, and/or 
activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods (Coding, 
supra). Suitable culture media for this purpose include, for example, D-MEM or RPMI-1640 medium. In 
1 0 addition, the hybridoma cells may be grown in vivo as ascites tumors in an animal. 

The monoclonal antibodies secreted by the subclones are suitably separated from the culture medium, 
ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affmity chromatography. 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 
15 procedures {e.g., by using oligonucleotide probes that are captb\e of binding specifically to genes encoding the 
heavy and light chains of murine antibodies). The hybridoma cells serve as a preferred source of such DNA. 
Once isolated, the DNA may be placed into expression vectors, which are then transfected into host cells such 
as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise 
produce immunoglobulin protein, to obtain the synthesis of nrionoclonal antibodies in the recombinant host cells. 
20 Review articles on recombinant expression in bacteria of DNA encoding the antibody include Skerra et al., Curr 
Opinion inlmmunot. 5:256-262 (1993) and PlOckthun, Immunol. Revs. 130:151-188 (1992). 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage libraries 
generated using the techniques described in McCafferty et al., Nature 348:552-554 (1990). Clackson et al. , 
Nature 352:624-628 (1991) and Marks et al.,J. Mol. Biol. 222:581-597 (1991) describe the isolation of murine 
25 and human antibodies, respectively, using phage libraries. Subsequent publications describe the production of 
high affuiity (nM range) human antibodies by chain shuffling (Mark el al., Bio/Technology 10:779-783 (1992)), 
as well as combinatorial infection and in vivo recombination as a strategy for constructing very large phage 
libraries (Waterhouse et al., Nuc. Acids. Res. 21:2265-2266 (1993)). Thus, these techniques are viable 
alternatives to traditional monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies. 
30 The DNA also may be modified, for example, by substituting the coding sequence for human heavy- 

and light-chain constant domains in place of the homologous murine sequences (Cabilly et al., supra; Morrison, 
et al., Proc. Nat. Acad. Sci. USA 81:6851 (1984)), or by covalently joining to the immunoglobulin coding 
sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 
35 antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to create 
a chimeric bivalent antibody comprising one antigen-combining site having specificity for an antigen and another 
antigen-combining site having specificity for a different antigen. 

Chimeric or hybrid antibodies also may be prepared in vitro using known methods in synthetic protein 
chemistry, including those involving crosslinking agents. For example, immunotoxins may be constructed using 
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a disulfide-exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose 
include iminothiolate and methyl-4-mercaptobutyrimidate. 

3. Humanized and human antibodies 
Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 
5 antibody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human amino acid residues are often referred to as "import" residues, which are typically taken fi-om an "import" 
variable domain. Humanization can be essentially performed following the method of Winter and co-workers 
(Jones et a/.. Nature 321:522-525 (1986); Riechmann et a!., Nature 332:323-327 (1988); Verhoeyen et ai. 
Science 239: 1 534- 1 536 ( 1 988)), by substituting rodent CDRs or CDR sequences for the coiresponding sequences 

0 of a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (Cabilly et al., supra), 
wherein substantially less than an intact human variable domain has been substituted by the corresponding 
sequence from a non-human species. In practice, humanized antibodies are typically human antibodies in which 
some CDR residues and possibly some FR residues are substituted by residues from analogous sites in rodent 
antibodies. 

) The choice of human variable domains, both light and heavy, to be used in making the humanized 

amibodies is very important to reduce antigenicity. According to the so-called "best-fit" method, the sequence 
of the variable domain of a rodent antibody is screened against the entire library of known human variable- 
domain sequences. The human sequence which is closest to that of the rodent is then accepted as the human 
framework (FR) for the humanized antibody (Sims et ai, J. Immunol. 1 5 1 :2296 ( 1 993); Chothia et al. . J. Mot. 

1 Biol. 196:901 (1987)). Another method uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy chains. The same framework may be used for 
several differem humanized antibodies (Carter et ai, Proc. Natl. Acad. Sci. USA 89:4285 (1992); Presta et ai, 
J. Immnoi 151:2623(1993)). 

It is furdier important that antibodies be humanized with retention of high affinity for the antigen and 
other favorable biological properties. To achieve this goal, according to a preferred method, humanized 
antibodies are prepared by a process of analysis of the parental sequences and various conceptual humanized 
products using three-dimensional models of the parental and humanized sequences. Three-dimensional 
immunoglobulin models are commonly available and are familiar to those skilled in the art. Computer programs 
are available which illustrate and display probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the 
residues in the fimctioning of the candidate immunoglobulin sequence, ie., the analysis of residues that influence 
the ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected and 
combined from the consensus and import sequences so tiiat the desired antibody characteristic, such as increased 
affinity for the tariet antigen(s), is achieved. In general, the CDR residues are directly and most substantially 
involved in influencing antigen binding. 

Alternatively, it is now possible to produce transgenic animals {e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 
production. For example, it has been described that the homozygous deletion of the antibody heavy-chain joining 
region (Jj^) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
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production. Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will 
result in the production of human antibodies upon antigen challenge. See, e.g. , Jakobovits et al. , Proc. Natl. 
Acad Sci. USA 90:2551 (1993); Jakobovits et ai. Nature 362:255-258 (1993); Bruggermann et al.. Year in 
Immuno. 7:33 (1993). Human antibodies can also be produced in phage- display libraries (Hoogenboom et al., 
5 J. Mol. Biol. 227:381 (1991); Marks et al.,J. Mol. Biol.222:5S\ (1991)). 
4. Bispecific antibodies 
Bispecific antibodies (BsAbs) are antibodies that have binding specificities for at least two different 
antigens. BsAbs can be used as tumor targeting or imaging agents and can be used to target enzymes or toxins 
to a cell possessing the WSX receptor. Such antibodies can be derived from full length antibodies or antibody 

10 fragments (e.g. F(ab')2 bispecific antibodies). In accordance with the present invention, the BsAb may possess 
one arm which binds the WSX receptor and another arm which binds to a cytokine or another cytokine receptor 
(or a subunit thereof) such as the receptors for TPO, EPO, G-CSF, IL-4, lL-7, GH, PRL; the a or p subunits of 
the IL-3, GM-CSF, IL-5, IL-6, LIF, OSM and CNTF receptors; or the a, P or y subunits of the IL-2 receptor 
complex. For example, the BsAb may bind both WSX receptor and gpl30. 

1 5 Methods for making bispecific antibodies are known in the art. Traditional production of full length 

bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, where 
the two chains have different specificities (Millstein ei al.. Nature 305:537-539 ( 1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential mixture 
of 1 0 different antibody molecules, of which only one has the correct bispecific structure. Purification of the 

20 correct molecule, which is usually done by affin ity chromatography steps, is rather cumbersome, and the product 
yields are low. Similar procedures are disclosed in WO 93/08829, published 1 3 May 1 993, and in Traunecker 
et al., EMBOJ. 10:3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the desired 
binding specificities (antibody-antigen combining sites) are fiised to immunoglobulin constant domain sequences. 

25 The fusion preferably is with an immunoglobulin heavy chain constant domain, comprising at least part of the 
hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region (CH I ) containing the 
site necessary for light chain binding, present in at least one of the fiisions. DN As encoding the immunoglobulin 
heavy chain fiisions and, if desired, the immunoglobulin light chain, are inserted into separate expression vectors, 
and are co-transfected into a suitable host organism. This provides for great flexibility in adjusting the mutual 

30 proportions of the three polypeptide fragments in embodiments when unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. It is, however, possible to insert the coding 
sequences for two or all three polypeptide chains in one expression vector when the expression of at least two 
polypeptide chains in equal ratios results in high yields or when the ratios are of no particular significance. 

In a preferred embodiment of this approach, the bispecific antibodies are composed of a hybrid 

35 immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second binding specificity) in the other arm. It vras found that this asymmetric 
structure facilitates the separation of die desired bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in only one half of the bispecific molecule 
provides for a facile way of separation. This approach is disclosed in WO 94/04690 published March 3, 1994. 
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For furttier details of generating bispecific antibodies see, for example, Suresh et ai. Methods in Enzymology 
121:210(1986). 

Bispecific antibodies include cross-linked or '•hetcroconjugate" antibodies. For example, one of the 
antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies have, for 
5 example, been proposed to target immune system cells to unwanted cells (US Patent No. 4,676,980), and for 
treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibodies may 
be made using any convenient cross-linking methods. Suitable cross-iinking agents are well known in the art. 
and are disclosed in US Patent No. 4,676,980, along with a number of cross-linking techniques. 

Techniques for generating bispecific antibodies from antibody fragments have also been described in 
0 the literature. The following techniques can also be used for the production of bivalent antibody fragments which 
are not necessarily bispecific. According to these techniques. Fab'-SH fragments can be recovered from £ coli, 
which can be chemically coupled to form bivalent antibodies. Shalaby et al., J. Exp. Med. 1 75:2 1 7-225 ( 1 992) 
describe the production of a fully humanized BsAb F(ab')2 molecule. Each Fab' fragment was separately 
secreted from E. coli and subjected to directed chemical coupling in vitro to form the BsAb. The BsAb thus 
5 formed was able to bind to cells overexpressing the HER2 receptor and normal human T cells, as well as trigger 
the lytic activity of human cytotoxic lymphocytes against human breast tumor targets. See also Rodrigues et al. 
Int. J. Cancers (Suppl.) 7:45-50 (1992). 

Various techniques for making and isolating bivalent antibody fragments directly from recombinant cell 
culture have also been described. For example, bivalent heterodimers have been produced using leucine zippers. 
) Kostelny et al, J. ImmumL 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun 
proteins were linked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers 
were reduced at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers. 
The "diabody" technology described by Hollinger el ai, Proc. Natl Acad. ScL USA 90:6444-6448 (1 993) has 
provided an alternative mechanism for making BsAb fragments. The fragments comprise a heavy-chain variable 
domain (V^) connected to a light-chain variable domain (Vl) by a linker which is too short to allow pairing 
between the two domains on the same chain. Accordingly, the Vp, and Vl domains of one fragment are forced 
to pair with the complementary Vl and V^ domains of another fragment, thereby forming two antigen-binding 
sites. Another strategy for making BsAb fragments by the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber e/ o/, , /mwwW. 152:5368 (1994). 
5. Antibody Screening 
It may be desirable to select antibodies with a strong binding afllnity for the WSX receptor. Antibody 
affinities may be determined by saturation binding; enzyme-linked immunoabsorbent assay (ELISA); and 
competition assays {e.g. RIA's), for example. The antibody with a strong binding affinity may bind the WSX 
receptor with a binding affinity (K^) value of no more than about 1 x I O'^ m, preferably no more than about I 



X 10- 



M and most preferably no more than about I x 10"' M {e.g. to about 1 x 10"'''M). 



In another embodiment, one may screen for an antibody which binds a WSX receptor epitope of interest. 
For example, an antibody which binds to the epitope bound by antibody 2D7, 1 G4, 1 E 11 or I C 1 1 (see Example 
13) or antibody clone #3, #4 or #17 (see Example 14) can be identified. To screen for antibodies which bind 
to the epitope on WSX receptor bound by an antibody of interest (e.g., those which block binding of any one 



-51- 



wo 97/25425 PCT/US97/00325 
of the above antibodies to WSX receptor), a routine cross-blocking assay such as that described in Antibodies, 
A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. 
Alternatively, epitope mapping, e.g. as described in Champe et ai, J. Biol. Chem. 270:1388-1394 (1995), can 
be performed to determine whether the antibody binds an epitope of interest. 
5 In one particularly preferred embodiment ofthe invention, agonist antibodies are selected. Various 

methods for selecting agonist antibodies are available. In one embodiment, one evaluates the agonistic properties 
ofthe antibody upon binding to a chimeric receptor comprising the WSX receptor extracellular domain in an 
assay called the kinase receptor activation enzyme linked immunoadsorbent assay (KIRA ELISA) described in 
W095/ 14930 (expressly incorporated herein by reference). 
10 To perform the KIRA ELISA, a chimeric receptor comprising the extracellular domain of the WSX 

receptor and the transmembrane and intracellular domain of Rse receptor (Mark el ai. Journal of Biological 
C/ieww/rv 269(14): 10720- 10728 (1994)) with acarboxyl-terminal herpes simplex virus glycoprotein D (gD) tag 

is produced and dpl2.CHO cells are transformed therewith as described in Example 4 of WO95/14930. 

4 

The WSX/Rse.gD transformed dpl2.CH0 cells are seeded (3x10 per well) in the wells of a flat- 

15 bottom-96 well culture plate in 100^1 media and cultured overnight at 37° C in 5% CO2. The following morning 
the well supematants are removed and various concentrations of the antibody are added to separate wells. The 
cells are stimulated at 37° C for 30 min., the well supematants are decanted. To lyse the cells and solubilize the 
chimeric receptors, 100 pi of lysis buffer is added to each well. The plate is then agitated gently on a plate shaker 
(Belico Instruments, Vineland, NJ) for 60 min. at room temperature. 

20 While the cells are being solubilized, an ELISA microliter plate (Nunc Maxisorp, Inter Med, Denmark) 

coaled overnight at 4°C with the 5B6 monoclonal anti-gD antibody (5.0 ng/ml in 50 mM carbonate buffer, pH 
9.6, 100 plAvell) is decanted and blocked with 150 (il/well of Block Buffer for 60 min. at room temperature. 
After 60 minutes, the anti-gD 586 coated plate is washed 6 times with wash buffer (PBS containing 0,05 % 
TWEEN 20™ and 0.01 % thimerosal). 

25 The lysate containing solubilized WSX/Rse.gD from the cell-culture microliter well is transferred 

(85nl/well) to anli-gD 586 coated and blocked ELISA well and is incubated for 2 h at room temperature. The 
unbound WSX/Rse.gD is removed by washing with wash buffer and 100 pi of biotinylated 4G10 (anti- 
phosphotyrosine) diluted 1:18000 in dilution buffer (PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 mM 
EDTA, and 0.01 % thimerosal), i.e. 56 ng/ml is added to each well. After incubation for 2 h at room temperature 

30 the plate is washed and HRPO-conjugated streptavidin (Zymed Laboratories, S. San Francisco, CA) is added to 
each well. The plate is incubated for 30 minutes at room temperature with gentle agitation. The free avidin- 
conjugate is washed away and 100 pi freshly prepared substrate solution (tetramethyl benzidine (TMB); 2- 
component substrate kit; Kirkegaard and Perry, Gaithersburg, MD) is added to each well. The reaction is 
allowed to proceed for 10 minutes, after which the color development is stopped by the addition of 1 OOnl/well 

35 1 .0 M H^PO^. The absorbance at 450 nm is read with a reference wavelength of 650 nm (ABS^^q^^^q), using 
a vmax plate reader (Molecular Devices, Palo Alto, CA) controlled with a Macintosh Centris 650 (Apple 
Computers, Cupertino, CA) and DeltaSoft software (BioMetallics, Inc. Princeton, NJ). 
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Those antibodies which have an IC50 in the KIRA ELISA of about 0.5ng/ml or less (e.g. from about 
0.5\ig/m\ to about 0.001 ng/ml), preferably about 0.2Mg/mI or less and most preferably about 0. 1 ng/ml or less 
are preferred agonists. 

In another embodiment, one screens for antibodies which activate downstream signaling molecules for 
5 OB protein. For example, the ability of tiie antibody to activate Signal Transducers and Activators of 
Transcription (STATs) can be assessed. The agonist antibody of interest may stimulate formation of STAT- 1 
and STAT-3 complexes, for example. To screen for such antibodies, the assay described in Rosenblum ee a! 
Endocrinology 1 37( 1 1 ):5 1 78-5 181 (1 996) may be performed. 

Alternatively, an antibody which stimulates proliferation and/or differentiation of hematopoietic cells 
10 can be selected. For example, tiie hematopoiesis assays of Example 10 below can be performed. For example, 
murine fetal liver flASK stem cells may be isolated from the midgestational fetal liver as described in Zeigler 
el al.. Blood 84:2422-2430 (1994) and studied in stem cell suspension culture or methylcellulose assays. For 
the stem cell suspension cultures, twenty thousand of the fLASK cells are seeded in individual wells in a 12 well 
format in DMEM 4.5/F12 media supplemented with 10% heat inactivated fetal calf serum (Hyclone, Logan, UT) 
15 and L-glutamine. Growth factors are added at the following concentrations: kit ligand (KL) at 25 ng/mL, 
interleukin-3 (IL-3) at 25 ng/mL, interleukin-6 (IL-6) at 50 ng/mL, G-CSFat 100 ng/mL, GM-CSF at 100 ng/mL, 
EPO at 2U/mL, interleukin-7 (IL-7) at 100 ng/mL (all growth factors from R and D Systems, Minneapolis, MN). 
The agonist antibody is then added and the ability of the antibody to expand the flASK cells grown in suspension 
culture is assessed. Methylcellulose assays are performed as previously described (Zeiger et al., supra). Briefly, 
20 methylcellulose colony assays are performed using "complete" methylcellulose or pre-B methylcellulose medium 
(Stem Cell Technologies, Vancouver, British Columbia, Canada) with the addition of 25 ng/mL KL (R and D 
Systems, Minneapolis, MN). Cytospin analyses of the resultant colonies are performed as previously described 
in Zeigler et al. The ability of the agonist antibody to augment myeloid, lymphoid and erythroid colony 
foimation is assessed. Also, the effect of the agonist antibody on the murine bone marrow stem cell population; 
25 Lin'0Sca+ may be evaluated. 

One may select an agonist antibody which induces a statistically significant decrease in body weight 
and/or fat-depot weight and/or food intake in an obese mammal (e.g. in an ob/ob mouse). Methods for screening 
for such molecules are described in Levin et al Proc. Natl Acad. Sci. USA 93 : 1 726- 1 730 ( 1 996), for example. 
Preferred agonist antibodies are those which exert adipose-reducing effects in an obese mammal, such as the 
30 oblob mouse, which are in excess of those induced by reductions in food intake. 

The antibody of interest herein may have the hypervariable region residues of one of the antibodies in 
Examples 13 and 14. Also, the invention encompasses "affinity matured " forms of these antibodies in which 
hypervariable region residues of these antibodies have been modified. Such affinity matured antibodies will 
preferably have a biological activity which is the same as or better than that of the original antibody. The affinity 
35 matured antibody may have from about 1-10, e.g. 5-10 deletions, insertions or substitutions (but preferably 
substitutions) in the hypervariable regions thereof. One useful procedure for generating affinity matured 
antibodies is called "alanine scanning mutagenesis" (Cunningham and Wells Science 244:1081-1085 (1989)). 
Here, one or more of the hypervariable region residue(s) are replaced by alanine or polyalanine residue(s) to 
affect the interaction of the amino acids with the WSX receptor. Those hypervariable region residue(s) 
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demonstrating Ainctional sensitivity to substitution are then refined by introducing further or other mutations at 
or for the sites of substitution. The ala-mutants produced this way are screened for their biological activity as 
described herein. Another procedure is affinity maturation using phage display (Havtrkins et al. J. Mol. Biol. 
254:889-896 (1992) and Lowman el al. Biochemistry 30(45): 10832- 10837 (1991)). Briefly, several 
5 hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible amino substitutions at each site. 
The antibody mutants thus generated are displayed in a monovalent fashion from filamentous phage particles as 
fusions to the gene III product of M13 packaged within each particle. The phage-displayed mutants are then 
screened for their biological activity (e.g. binding affmity). 

6. Antibody Modifications 
1 0 it may be desirable to tailor the antibody for various applications. Exemplary antibody modifications 

are described here. 

In certain embodiments of the invention, it may be desirable to use an antibody fragment, rather than 
an intact antibody. In this case, it may be desirable to modify the antibody fragment in order to increase its serum 
half-life. This may be achieved, for example, by incorporation of a salvage receptor binding epitope into the 

15 antibody fragment. See W096/32478 published October 17, 1996. Alternatively, the antibody may be 
conjugated to a nonproteinaceous polymer, such as those described above for the production of long half-life 
derivatives of OB protein. 

Where the antibody is to be used to treat cancer for example, various modifications of the antibody (e g. 
of a neutralizing antibody) which enhance the effectiveness of the antibody for treating cancer are contemplated 

20 herein. For example, it may be desirable to modify the antibody of the invention with respect to effector 
function. For example cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain 
disulfide bond formation in this region. The homodimeric antibody thus generated may have improved 
internalization capability and/or increased complement-mediated cell killing and antibody-dependent cellular 
cytotoxicity (ADCC). See Caion et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 

25 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may also be prepared using 
heterobifunctional cross-linkers as described in Wolff et al Cancer Research 53:2560-2565 (1993). 
Alternatively, an antibody can be engineered which has dual Fc regions and may thereby have enhanced 
complement lysis and ADCC capabilities. See Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989). 
The invention also pertains to immunoconjugates comprising the antibody described herein conjugated 

30 to a cytotoxic agent such as a chemotherapeutic agent, toxin {e.g. an enzymatically active toxin of bacterial, 
fungal, plant or animal origin, or fragments thereof), or a radioactive isotope (i.e., a radiocon jugate). 

Chemotherapeutic agents usefiil in the generation of such immunoconjugates have been described 
above. Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain, 
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A 

35 chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca 
americana proteins (PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria 
officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. A variety 
of radionuclides are available for the production of radioconjugate antibodies. Examples include ^ ^^Bi, ' ^ ' I, 
•3h„.90Yand>86Re. 
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Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional protein coupling 
agents such as N-succinimidyl-3-{2-pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional 
derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidy! suberate), 
aldehydes (such as glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis- 
5 diazonium derivatives (such as bis-(p-diazoniumbenzoyl>ethylenediamine), diisocyanates (such as tolyene 2,6- 
diisocyanate), and bis-active fluorine compounds (such as l,5-difluoro-2,4-dinitrobenzene). For example, a ricin 
immunotoxin can be prepared as described in Vitetta et at. Science 238: 1 098 ( i 987). Carbon- 1 4-labeled 1 - 
isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent 
for conjugation of radionucleotide to the antibody. See W094/1 1026. 
0 In another embodiment, the antibody may be conjugated to a "receptor" (such streptavidin) for 

utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed 
by removal of unbound conjugate from the circulation using a clearing agent and then administration of a 
"ligand" (e.g. avidin) which is conjugated to a cytotoxic agent (e.g. a radionucleotide). 

The antibody may also be formulated as an immunoliposome. Liposomes containing the antibody are 
5 prepared by methods known in the art, such as described in Epstein et al., Proc. Natl. Acad. Sci. USA. 82:3688 
(1985); Hwang et al. Proc. Natl Acad. Sci. USA, 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. 
Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG- 
» PE). Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. 
Fab' fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin 
et al. J. Biol. Chem. 257: 286-288 (1982) via a disulfide interchange reaction. A chemotherapeutic agent (such 
as Doxorubicin) is optionally contained within the liposome. See Gabizon et al. J. National Cancer 
//M/.8I(I9)1484(1989). 

The antibody of the present invention may also be used in ADEPT by conjugating the antibody to a 
prodrug-activating enzyme which converts a prodrug (e.g a peptidyl chemotherapeutic agent, sec W08 1/01 145) 
to an active anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278. 

The enzyme component of the immunoconjugate useful for ADEPT includes any enzyme capable of 
acting on a prodrug in such a way so as to covert it into its more active, cytotoxic form. 

Enzymes that are useful in the method of this invention include, but are not limited to, alkaline 
phosphatase useful for converting phosphate-containing prodrugs into free drugs; arylsulfatase useful for 
converting sulfale-containing prodrags into free drugs; cytosine deaminase useful for converting non-toxic 5- 
fluorocytosine into the ami-cancer drug, 5-fluorouracil; proteases, such as serratia protease, thermolysin, 
subtilisin. caitoxypeptidases and cathepsins (such as cathepsins B and L), that are useful for converting peptide- 
containing prodrugs into free drugs; D-alanylcarboxypeptidases, uscfiil for converting prodrugs that contain D- 
amino acid substituents; carbohydrate-cleaving enzymes such as P-galactosidase and neuraminidase usefiil for 
converting glycosylated prodrugs into free drugs; P-lactamase usefiil for converting drugs derivatizcd with P- 
lactams into free drugs; and penicillin amidases, such as penicillin V amidase or penicillin G amidase, useful for 
converting drugs derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl groups, respectively, 
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into free drugs. Alternatively, antibodies with enzymatic activity, also known in the art as "abzymes", can be 
used to convert the prodrags of the invention into free active drugs (see. eg., Massey, Nature 328: 457-458 
(1 987)). Antibody-abzyme conjugates can be prepared as described herein for delivery of the abzyme to a tumor 
cell population. 

5 The enzymes of this invention can be covalently bound to the antibody mutant by techniques well 

known in the art such as the use of the heterobifiinctional crosslinking reagents discussed above. Alternatively, 
fusion proteins comprising at least the antigen binding region of an antibody of the invention linked to at least 
a functionally active portion of an enzyme of the invention can be constructed using recombinant DNA 
techniques well known in the art (see, e.g., Neubergere/ al.. Nature, 312: 604-608 (1984)). 
10 In other embodiments, the antibody can be covalently modified, with exemplary such modifications 

described above. 

E. Therapeutic Uses for WSX Receptor Ligands and Antibodies 

The WSX ligands (eg. OB protein and anti-WSX receptor agonist antibodies) of the present invention 
are useful, in one embodiment, for weight reduction, and specifically, in the treatment of obesity, bulimia and 

1 5 other disorders associated with the abnormal expression or function of the OB and/or WSX receptor genes, other 
metabolic disorders such as diabetes, for reducing excessive levels of insulin in human patients (eg. to restore 
or improve the insulin-sensitivity of such patients). Thus, these molecules can be used to treat a patient suffering 
from excessive food consumption and related pathological condhions such as type 11 adult onset diabetes, 
infertility (Chehab et al. Nature Cenentics 12:318-320 (1996)), hypercholesterolemia, hyperlipidemia, 

20 cardiovascular diseases, arteriosclerosis, polycystic ovarian disease, osteoarthritis, dermatologica! disorders, 
insulin resistance, hypertriglyceridemia, cancer, cholelithiasis and hypertension. 

In addition, the WSX ligands can be used for the treatment of kidney ailments, hypertension, and lung 
dysfunctions, such as emphysema. 

In a fiiither embodiment, the WSX ligands (such as agonist WSX receptor antibodies) of the present 

25 invention can be used to enhance repopulation of mature blood cell lineages in mammals having undergone 
chemo- or radiation therapy or bone marrow transplantation therapy. Generally, the ligands will act via an 
enhancement of the proliferation and/or differentiation (but especially proliferation) of primitive hematopoietic 
cells. The ligands may similarly be useful for treating diseases characterized by a decrease in blood cells 
Examples of these diseases include: anemia (including macrocytic and aplastic anemia); thrombocytopenia; 

30 hypoplasia; immune (autoimmune) thrombocytopenic purpura (ITP); and HIV induced ITP. Also, the ligands 
may be used to treat a patient having suffered a hemoniiage. WSX ligands may also be used to treat metabolic 
disorders such as obesity and diabetes mellitus, or to promote kidney, liver or lung growth and/or repair (e.g., 
in renal feilure). 

The WSX receptor ligands and antibodies may be administered alone or in concert with one or more 
35 cytokines. Furthermore, as an alternative to adminstration of the WSX ligand protein, gene therapy techniques 
(discussed in the section above entitled "Therapeutic Uses for the WSX Receptor") are also contemplated herein. 

Potential therapeutic applications for WSX receptor neutralizing antibodies include the treatment of 
metabolic disorders (such as cachexia, anorexia and other wasting diseases characterized by loss of appetite, 
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diminished food intake or body weight loss), stem cell tumors and other tumors at sites of WSX receptor 
expression, especially those tumors characterized by overexpression of WSX receptor. 

For therapeutic applications, the WSX receptor ligands and antibodies of the invention are administered 
to a mammal, preferably a human, in a physiologically acceptable dosage form, including those that may be 
5 administered to a human intravenously as a bolus or by continuous infusion over a period of time, by 
intramuscular, intraperitoneal, intra-cerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, 
topical, or inhalation routes. The WSX receptor ligands and antibodies also are suitably administered by 
intratumoral, peritumoral, intralesional, or perilesional routes or to the lymph, to exert local as well as systemic 
therapeutic effects. 

0 Such dosage forms encompass physiologically acceptable carriers that are inherently non-toxic and non- 

therapeutic. Examples of such carriers include ion exchangers, alumina, aluminum stearate, lecithin, serum 
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium 
sorbate, partial glyccride mixtures of saturated vegetable fatty acids, water, salts, or electrolytes such as 
prolamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, 
5 colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone. cellulose-based substances, and PEG. Carriers for 
topical or gel-based forms of WSX receptor antibodies include polysaccharides such as sodium 
carboxymethylcellulose or methylcellulose, polyvinylpyrrolidone, polyacrylates, polyoxyethylene- 
polyoxypropylene-block polymers, PEG. and wood wax alcohols. For all administrations, conventional depot 
forms are suitably used. Such forms include, for example, microcapsules, nano-capsules, liposomes, piasters, 
) inhalation forms, nose sprays, sublingual tablets, and sustained-release preparations. The WSX receptor ligand 
or antibody will typically be formulated in such vehicles at a concentration of about 0.1 mg/ml to 100 mg/ml. 

Suitable examples of sustained-release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the WSX realtor ligand or antibody, which matrices arc in the form of shaped 
articles, e.g. films, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate) as described by Langer et al, supra and Langer, supra, or 
poly(vinylalcohol), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L- 
glutamate (Sidman et al , supra), non-degradable ethylene-vinyl acetate (Langer et al , supra), degradable lactic 
acid-glycoiic acid copolymers such as the Lupron Depot™ (injectable microspheres composed of lactic acid- 
glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such 
as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over 100 days, certain 
hydrogels release proteins for shorter time periods. When encapsulated WSX receptor antibodies remain in the 
body for a long time, they may denature or aggregate as a result of exposure to moisture at 37° C, resu iting in 
a loss of biological activity and possible changes in immunogenicity. Rational strategies can be devised for 
stabilization depending on the mechanism involved. For example, if the aggregation mechanism is discovered 
to be intemolecular S-S bond formation through thio-disulfide interchange, stabilization may be achieved by 
modifying sulfliydryl residues, lyophilizing from acidic solutitms, controlling moisnire content, using appropriate 
additives, and developing specific polymer matrix compositions. 

Sustained-release WSX receptor ligand or antibody compositions also include liposomal ly entrapped 
antibodies. Liposomes containing the WSX receptor ligand or antibody are prepared by methods known in the 
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art, such as described in Epstein etai, Proc. Natl. Acad. Sci. USA 82:3688 (1985); Hwang el a!., Proc. Natl. 
Acad. Sci. USA 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Ordinarily, the liposomes are the 
small (about 200-800 Angstroms) unilamelar type in which the lipid content is greater than about 30 mol.% 
cholesterol, the selected proportion being adjusted for the optimal WSX receptor ligand or antibody therapy. 
5 Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,01 3,556. 

For the prevention or treatment of disease, the appropriate dosage of WSX receptor ligand or antibody 
will depend on the type of disease to be treated, as defined above, the severity and course of the disease, whether 
the antibodies are administered for preventive or therapeutic purposes, previous therapy, the patient's clinical 
history and response to the WSX receptor ligand or antibody, and the discretion of the attending physician The 

1 0 WSX receptor ligand or antibody is suitably administered to the patient at one time or over a series of treatments. 

Depending on the type and severity of the disease, about 1 ng/kg to 1 5 mg/kg of WSX receptor ligand 
or antibody is an initial candidate dosage for administration to the patient, whether, for example, by one or more 
separate administrations, or by continuous infusion. A typical daily dosage might range from about 1 pg/kg to 
100 (ig/kg (e.g. 1-50 pg/kg) or more, depending on the factors mentioned above. For example, the dose may be 

1 5 tiie same as that for other cytokines such as G-CSF, GM-CSF and EPO. For repeated administrations over several 
days or longer, depending on the condition, the treatment is sustained until a desired suppression of disease 
symptoms occurs. However, other dosage regimens may be useful. The progress of this therapy is easily 
monitored by conventional techniques and assays. 

When one or more cytokines are co-administered with the WSX receptor ligand, lesser doses of the 

20 WSX ligand may be employed. Suitable doses of a cytokine are from about I ng/kg to about 1 5mg/kg of 
cytokine. A typical daily dosage of the cytokine might range from about 1 ng/kg to 100 Mg'T^g i.'^S- '-50 fig/kg) 
or more. For example, the dose may be the same as that for other cytokines such as G-CSF, GM-CSF and EPO. 
The cytokine(s) may be administered prior to, simultaneously with, or following administration of the WSX 
ligand. The cytokine(s) and WSX ligand may be combined to form a pharmaceutically composition for 

25 simultaneous administration to the mammal. In certain embodiments, the amounts of WSX ligand and cytokine 
are such that a synergistic repopuiation of blood cells (or synergistic increase in proliferation and/or 
differentiation of hematopoietic cells) occurs in the mammal upon administration of the WSX ligand and 
cytokine thereto. In other words, the coordinated action of the two or more agents (i.e. the WSX ligand and 
cytokine(s)) with respect to repopuiation of blood cells (or proliferation/differentiation of hematopoietic cells) 

30 is greater than the sum of the individual effects of these molecules. 

For treating obesity and associated pathological conditions, the WSX ligand may be administered in 
combination with other treatments for combatting or preventing obesity. Substances useful for this purpose 
include, e.g., hormones (catecholamines, glucagon, ACTH); clofibrate; halogenate; cinchocaine; chlorpromazine; 
appetite-suppressing drugs acting on noradrenergic neurotransmitters such as mazindol and derivatives of 

35 phenethylamine, e.g., phenylpropanolamine, diethylpropion, phentermine, phendimetrazine, benzphetamine, 
amphetamine, methamphetamine, and phenmetrazine; drugs acting on serotonin neurotransmitters such as 
fenfluramine, tryptophan, 5-hydroxytTyptophan, fluoxetine, and sertraline; centrally active drugs such as 
naloxone, neuropeptide- Y, galanin, corticotropin-releasing hormone, and cholecystokinin; a cholinergic agonist 
such as pyridostigmine; a sphingolipid such as a lysosphingolipid or derivative thereof (BP 32 1 ,287 published 
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June 21 . 1989); thermogenic drugs such as thyroid hormone, ephedrine, beta-adrenergic agonists; drugs affecting 
the gastrointestinal tract such as enzyme inhibitors, e.g., tetrahydroiipostatin, indigestible food such as sucrose 
polyester, and inhibitors of gastric emptying such as threo-chlorocitric acid or its derivatives; p -adrenergic 
agonist such as isoproterenol and yohimbine; aminophylline to increase the P-adrenergic-like effects of 
5 yohimbine, an aj-adrenergic blocking drug such as clonidine alone or in combination with a grovrth hormone 
releasing peptide (U.S. Pat. No. 5,120,713 issued June 9, 1992); drugs that interfere with intestinal absorption 
such as biguanides such as metformin and phenformin; bulk fillers such as methylcellulose; metabolic blocking 
drugs such as hydroxycitrate; progesterone; cholecystokinin agonists; small molecules that mimic ketoacids; 
agonists to corticotropin-releasing hormone; an ergot-related prolactin- inhibiting compound for reducing body 
10 fat stores (U.S. Pat. No. 4,783.469 issued November 8, 1988); beta-3-agonists; bromocriptine; antagonists to 
opioid peptides; antagonists to neuropeptide Y; glucocorticoid receptor antagonists; growth hormone agonists; 
combinations thereof; etc. This includes all drugs described by Bray and Greenway, Clinics in Endocrinol, and 
MetaboL, 5:455 (1976). 

These adjunctive agents may be administered at the same time as, before, or after the administration of 
1 5 WSX ligand and can be administered by the same or a different administration route than the WSX ligand. 

The WSX ligand treatment may occur without, or may be imposed with, a dietary restriction such as 
a limit in daily food or calorie intake, as is desired for the individual patient. 
F. Articles ofManufacture 

In another embodiment of the invention, an article of manufacture containing materials useful for the 
20 treatment of the conditions described above is provided. The article of manufacture comprises a container and 
a label. Suitable containers include, for example, bottles, vials, syringes, and test tubes. The containers may be 
formed fiiom a variety of materials such as glass or plastic. The container holds a composition which is effective 
for treating the condition and may have a sterile access port (for example the container may be an intravenous 
solution bag or a vial having a stopper pierceable by a hypodermic injection needle). The active agent in the 
25 composition is the WSX ligand. The label on, or associated with, the container indicates that the composition 
is used for treating the condition of choice. The article of manufacmre may fijrther comprise a second container 
holding a cytokine for co-administration with the WSX ligand. Further container(s) may be provided with the 
article of manufacture which may hold, for example, a pharmaceutically-acceptable buffer, such as phosphate- 
buffered saline. Ringer's solution or dextrose solution. The article of manufacture may further include other 
30 materials desirable from a commercial and user standpoint, including other buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 

G. Non-Therapeutic Uses for WSX Receptor Ligands and Antibodies 
WSX receptor ligands and antibodies may be used for detection of and/or enrichment of hematopoietic 
stem cell/progenitor cell populations in a similar manner to that in which CD34 antibodies are presently used. 
35 For stem cell enrichment, the WSX receptor antibodies may be utilized in the techniques known in the art such 
as immune panning, flow cytometry or immunomagnetic beads. 

In accordance with one in vitro application of the WSX ligands, cells comprising the WSX receptor are 
provided and placed in a cell culmre medium. Examples of such WSX-receptor-containing cells include 
hematopoietic progenitor cells, such as CD34+ cells. 
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Suitable tissue culture media are well known to persons skilled in the art and include, but are not limited 
to. Minimal Essential Medium (MEM), RPMI-1640, and Dulbecco's Modified Eagle's Medium (DMEM). These 
tissue culture medias are commercially available from Sigma Chemical Company (St, Louis, MO) and GIBCO 
(Grand Island, NY). The cells are then cultured in the cell culture medium under conditions sufficient for the 
5 cells to remain viable and grow in the presence of an efTective amount of WSX ligand and, optionally, further 
cytokines and growth factors. The cells can be cultured in a variety of ways, including culturing in a clot, agar, 
or liquid culture. 

The cells are cultured at a physiologically acceptable temperature such as 37° C, for example, in the 
presence of an effective amount of WSX ligand. The amount of WSX ligand may vary, but preferably is in the 

10 range of about 10 ng/ml to about Img/ml. The WSX ligand can of course be added to the culture at a dose 
determined empirically by those in the art without undue experimentation. The concentration of WSX ligand 
in the culture will depend on various factors, such as the conditions under which the cells and WSX ligand are 
cultured. The specific temperature and duration of incubation, as well as other culture conditions, can be varied 
depending on such factors as, e.g., the concentration of the WSX ligand, and the type of cells and medium. 

15 It is contemplated that using WSX ligand to enhance cell proliferation and/or differentiation in vitro 

will be useful in a variety of ways. For instance, hematopoietic cells culmred in vitro in the presence of WSX 
ligand can be infused into a mammal suffering from reduced levels of the cells. Also, the cultured hematopoietic 
cells may be used for gene transfer for gene therapy applications. Stable in vitro cultures can be also used for 
isolating cell-specific factors and for expression of endogenous or recombinantly introduced proteins in the cell. 

20 WSX ligand may also be used to enhance cell survival, proliferation and/or differentiation of cells which support 
the growth and/or differentiation of other cells in cell culture. 

The WSX receptor antibodies of the invention are also useful as affinity purification agents. In this 
process, the antibodies against WSX receptor are immobilized on a suitable support, such a Sephadex resin or 
filter paper, using methods well known in the art. The immobilized antibody then is contacted with a sample 

25 containing the WSX receptor to be purified, and thereafter the support is washed with a suitable solvent that will 
remove substantially all the material in the sample except the WSX receptor, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable solvent, such as glycine buffer, pH 5.0, that will 
release the WSX receptor from the antibody. 

WSX receptor antibodies may also be useful in diagnostic assays for WSX receptor, e.g., detecting its 

30 expression in specific cells, tissues, or serum. For diagnostic applications, antibodies typically will be labeled 
with a detectable moiety. The detectable moiety can be any one which is capable of producing, either directly 
or indirectly, a detectable signal. For example, the detectable moiety may be a radioisotope, such as ■'h, '^C, 
32p^ 35g_ 125|. 2 fluorescent or chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, 
or luciferin; radioactive isotopic labels, such as, e.g., ^^^I, ^^P, '^C, or •'H; or an enzyme, such as alkaline 

35 phosphatase, beta-galactosidase, or horseradish peroxidase. 

Any method known in the art for separately conjugating the polypeptide variant to the detectable moiety 
may be employed, including those methods described by Hunter el al., Nature 144:945 (1962); David et ai, 
Biochemistry 13:1014 (1974); Pain et ai, J. Immunol. Meth 40:219 (1981); and Nygren, J. Histochem. and 
Cytochem. 30:407 (1982). 
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The antibodies of the present invention may be employed in any known assay method, such as 
competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays. Zola, 
Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on the ability of a labeled standard to compete with the test sample 
5 analyte for binding with a limited amount of antibody. The amount of WSX receptor in the test sample is 
inversely proportional to the amount of standard that becomes bound to the antibodies. To facilitate determining 
the amount of standard that becomes bound, the antibodies generally are insolubilized before or after the 
competition, so that the standard and analyte that are bound to Ae antibodies may conveniently be separated from 
the standard and analyte which remain unboimd. 
10 Sandwich assays involve the use of two antibodies, each capable of binding to a different immunogenic 

portion, or epitope, of the protein to be detected. In a sandwich assay, the test sample analyte is bound by a first 
antibody which is immobilized on a solid support, and thereafter a second antibody binds to the analyte, thus 
forming an insoluble three-part complex. See. e.g., US Pat No. 4,376,1 10. The second antibody may itself be 
labeled with a detectable moiety (direct sandwich assays) or may be measured using an anti-immunoglobulin 
1 5 antibody that is labeled with a detectable moiety (indirect sandwich assay). For example, one type of sandwich 
assay is an ELISA assay, in which case the detectable moiety is an enzyme. 
H. Deposit of Materials 

The following biological materials have been deposited with the American Type Culture Collection, 
12301 Patklawn Drive, Rockville, MD, USA (ATCC): 



20 Deposit Designation ATCC No. Deposit Date 

BaO/WSX E63x7 sort ATCC CRL 1201 5 Jan 1 0, 1 996 

(Baf3 cells expressing human 
WSX receptor variant 13.2) 



2D7 hybridoma cell line 



1G4 hybridoma cell line ATCC HB-I2243 

I E 11 hybridoma eel 1 line 



ICl I hybridoma cell line 



These deposits were made under the provisions of the Budapest Treaty on the International Recognition 
of the Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapest 
Treaty). This assures maintenance of a viable culture for 30 years from the date of deposit. Each of the 
deposited cultures will be made available by ATCC under the terms of the Budapest Treaty, and subject to an 
agreement between Genentech, Inc. and ATCC, which assures (a) that access to the culture will be available 
during pendency of the patent application to one determined by the Commissioner to be entitled thereto under 
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37 CFR § 1.14 and 35 USC §122, and (b) that all restrictions on the availability to the public of the culture so 
deposited will be irrevocably removed upon the granting of the patent. 

The assignee of the i:»%sent application has agreed that if any of the cultures on deposit should die or 
be lost or destroyed when cultivated under suitable conditions, it will be promptly replaced on notification with 
5 a viable specimen of the same culture. Availability of the deposited cell lines is not to be construed as a license 
to practice the invention in contravention of the rights granted under the authority of any government in 
accordance with its patent laws. 

The foregoing written specification is considered to be sufficient to enable one skilled in the art to 
practice the invention. The present invention is not to be limited in scope by any culture deposited, since the 
10 deposited embodiment is intended as an illustration of one aspect of the invention and any culture that is 
functionally equivalent is within the scope of this invention. The deposit of material herein does not constitute 
an admission that the written description herein contained is inadequate to enable the practice of any aspect of 
the invention, including the best mode thereof, nor is it to be construed as limiting the scope of the claims to the 
specific illustration that it represents. Indeed, various modifications of the invention in addition to those shown 
IS and described herein will become apparent to those skilled in the art from the foregoing description and fall 
within the scope of the appended claims. 
III. Experimental 

Below are examples of specific embodiments for carrying out the present invention. The examples are 
offered for illustrative purposes only, and are not intended to limit the scope of the present invention in any way. 
20 The disclosures of all publications, patents and patent applications cited herein, whether supra or infra, 

are hereby incorporated by reference in their entirety. 

EXAMPLE 1 
Cloning of Human WSX Receptor 
An oligonucleotide probe designated WSX.6 # I was synthesized based upon the T73849 EST sequence. 
25 The WSX.6 #\ probe was a 51mer having the following sequence: 

5' GTCAGTCTCCCAGTTCCAGACTTGTGTGCAGTCTATGCTGTTCAGGTGCGC - 3' (SEQ ID NO:45). 

The radiolabeled WSX.6 U\ probe was used to probe 1.2 x 10^ clones from a random and oligo dT 
primed A,gt 1 0 fetal liver library (Clontech, Palo Alto, CA). Following hybridization at 42° C overnight, the filters 
were washed at 50° C in 0.5 x SSC and 0. 1 % NaDodS04 (SDS). From the initial screen, 1 0 clones were selected 
30 and upon subsequent screening 5 individual plaque pure clones were isolated. Of these 5 individual clones, four 
clones designated 1, 5, 6 and 9 were subcloned into pBSSK" (Stratagene) following EcoRl digestion. Sequence 
analysis revealed clone 5 and clone 9 contained the putative initiation methionine and signal peptide. Clone 6 
(designated 6.4) contained the most 3' end sequence and subsequently was used for further screening. 

To obtain the full length gene, clone 6.4 (fragment Nsi-Hind HI) was radiolabeled and used to screen 
35 1.2 X 10^ clones from a Agt 10 library constructed from a hepatoma Hq>3B cell line. This screen resulted in 24 
positive clones. Following PGR analysis of the clones using AgtlO primers (F and R), the four longest clones 
12.1, 13.2, 22.3, and 24.3 were isolated. These clones were subcloned into pBSSK' using the EcoRI site, and 
following examination by restriction enzyme digest, clones 12. 1 and 13.2 were submitted for sequencing. DNA 
sequencing was performed with the Taq dye deoxynucleotide terminator cycle sequencing kit on an automated 
40 Applied Biosystems DNA sequencer. 
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The assembled contiguous sequence from all the isolated clones encoded a consensus amino terminus 
for the newly identified polypeptide designated the WSX receptor. However, sequence analysis revealed that 
at least three naturally occurring variants of the WSX receptor exist which have different cytoplasmic regions. 
These variants appear to be differentially spliced at the lysine residue at position 891 . Clone 6.4 stops 5 amino 
acids after Lys 891 Clone I2.I is different from 13.2 and 6.4 following Lys 891 and encodes a putative box 2 
region which is distinct from that encoded by clone 13.2. Clone 13.2 contains a potential box 1 region and 
following Lys 891 encodes putative box 2 and box 3 motifs. See, Baumann et al. Mol Cell Biol. 14(1 ): 1 38- 146 
(1994). 

The fiill length WSX gene based on the clone 13.2 cytoplasmic region putatively encodes an 1 165 
amino acid transmembrane protein. The 841 amino acid extracellular domain (ECD) contains two WSXWS 
domains. The ECD is followed by a 24 amino acid transmembrane domain and a 300 amino acid cytoplasmic 
region. 

EXAMPLE 2 
WSX Receptor Immunoadhesin 

Using polymerase chain amplification, a WSX receptor immunoadhesin was created by engineering an 
in-frame fusion of the WSX receptor gene extracellular domain (WSX.ECD) with human CH2CH3(Fc)lgC 
(Bennett et al. J.Biol Chem. 266(34):23060-23067 (1991)) at the C terminus of the ECD and cloned into 
pBSSK" (Stratagene). For expression, the WSX-Fc was excised with Clai and BstEII and ligated into the 
pRKS.HuIF.grbhlgG Genenase I vector (Beck et al. Molecular /mmttno/ogj' 31(17):1335-1344 (1994)), to 
create the plasmid pRK5.WSX-IgG Genenase I. This plasmid was transiently transfected into 293 cells using 
standard calcium phosphate transfection techniques. The transfected cells were cultured at 37° C in 5% COj in 
DMEM F12 50:50 supplemented with 10% FES, lOOmM HEPES (pH 7.2) and ImM glutamine. The WSX 
receptor immunoadhesin was purified using a ProSepA™ protein A column. 

EXAMPLE 3 
Antibody Production 

In order to raise antibodies against the WSX receptor, the WSX receptor immunoadhesin of Example 
2 was used to inoculate rabbits to raise polyclonal antibodies and mice to raise monoclonal antibodies using 
conventional technology. 

EXAMPLE 4 
Generation of a Cell Line Expressing WSX Receptor 

The nucleic acid encoding full length WSX receptor variant 13.2 was inserted in the pRKtkNeo plasmid 
(Hohnes etal., Science 253:1278-1280 (1991)). 100 jigs of the pRKtkNeo.WSX plasmid thus generated was 
linearized, ethanol precipitated and resuspended in 100 mL of RPMI 1640, 7 x 10^ BaO cells (5 x 10^/ml) 
were suspended in 900 (xL of RPMI and added to the linearized plasmid. Following electroporation at 325V, 
1 180 using a BRL electroporation apparatus, the cells were plated into 1 5 mis of RPMI 1640 containing 5% 
WEHI3B conditioned media and 15% serum. 48 hours later cells were selected in 2mg/ml G418. 

To obtain the Baf3AVSX cell line expressing WSX receptor variant 13.2, the G4I8 selected clones were 
analyzed by FACS using the rabbit polyclonal antisera raised against the WSX-Fc chimeric protein as described 
above. The highest expressing clone (designated E6) was sorted by FACS to maintain a population with a high 
level of WSX receptor expression. 
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EXAMPLE 5 
Role of WSX Receptor in Cellular Proliferation 

The proliferative potoitiais of WSX receptor variants 13.2 and 12.1 were tested by constructing human 
growth hormone receptor- WSX receptor (GH-WSX) fusions encoding chimeric proteins consisting of the GH 
5 receptor extracellular and transmembrane domains and the WSX receptor variant 13.2 or 12.1 intracellular 
domains. These chimeric gene fusions were transfected into the lL-3 dependent cell line Baf3. The ability of 
the GH-WSX transfected BaD cells to respond to exogenous growth hormone (GH) was tested in a thymidine 
incorporation assay. As can be seen in Figs. 6 and 8, the GH-WSX receptor variant 13.2 chimera was capable 
of increasing thymidine uptake in the transfected Baf3 cells, thus indicating the proliferative potential of the 
10 WSX receptor variant 13.2. However, WSX receptor variant 12. 1 was unable to transmit a proliferative signal 
in this experiment (Fig. 8). 

Materials and Methods 

Recombinant PGR was used to generate the chimeric receptors containing the extracellular and 
transmembrane domains of the hGH receptor and the cytoplasmic domain of either WSX receptor variant 12.1 

15 or variant 13.2. In short, the cytoplasmic domain of either variant 12.1 or 13.2 beginning with Arg at amino acid 
866 and extending down to amino acid 938 or amino acid 1 1 63 respectively, was fused in frame, by sequential 
PGR, to the hGH receptor extracellular and transmembrane domain beginning with Met at amino acid 18 and 
extending down to Arg at amino acid 274. The GH-WSX chimera was consmicted by firsi using PCR to 
generate the extracellular and transmembrane domain of the human GH receptor. The 3' end primer used for this 

20 PCR contained 20 nucleotides at the 5' end of the primer corresponding to the first 20 nucleotides of the WSX 
cytoplasmic domain. The 3' end of the chimera was generated using PCR where the S' end primer contained the 
last 19 nucleotides of the human GH receptor transmembrane domain. To generate the full length chimera, the 
3' end of the human GH receptor product was combined with the 3' end WSX receptor cytoplasmic PCR product 
and subsequently amplified to create a fusion of the two products. 

23 This chimeric fusion was digested with Clal and Xbal and ligated to pRKtkNeo (Holmes et al. Science 

233:1278-1280 (1991)) to create the chimeric expression vector. The IL-3 dependent cell line Baf3 was then 
electroporated with this hGH/WSX chimeric expression vector. 

Briefly, lOOjig of the pRKtkNeo/GH.WSX plasmid was linearized, ethanol precipitated and 
resuspended in 100 ^L of RPMl 1640. 7 x 10^ BaO cells (5 x 10^/ml) were suspended in 900 nL of RPMl and 

30 added to the linearized plasmid. Following electroporation at 325V, 1 180 )iF using a BRL electroporation 
apparatus, the cells were plated into 15 mis of RPMl 1640 containing 5% wehi conditioned media and 15% 
serum. 48 hours later, cells were selected in 2mg/ml G418. 

To obtain the Baf3/GH.WSX cell lines, the G4I8 selected cells were FACS sorted using an anti-human 
GH mAb (3B7) at 1 }ig/ml. The top 1 0% expressing cells were selected and expanded. 

35 EXAMPLE 6 

Expression Analysis of the WSX Receptor 
The expression profile of the WSX receptor was initially examined by Northern analysis. Northern 
blots of human fetal or adult tissue mRNA were obtained from Clontech (Palo Alto, California). A transcript 
of approximately 6 kb was detected in human fetal lung, liver and kidney. In the adult, low level expression was 



-64- 



wo 97/25425 PCT/US97/00325 
detected in a variety of tissues including liver, placenta, lung skeletal muscle, kidney, ovary, prostate and small 
intestine. 

PGR analysis of human cord blood identified transcripts in CD34''" subfraction. By PGR analysis, all 
three variants of the WSX receptor were present in CD34"'" cells. The CD34' subfraction appeared negative by 
5 this same PGR analysis. 

By PGR analysis, both the 6.4 variant and 13.2 variant were evident in the AA4^Sca"''Kit'*" (flASK) cell 
population isolated from the mid-gestation fetal liver as desoibed in Zeigler et ai , Blood 84:2422-2430 ( 1 994). 
No clones containing the 12.1 variant cytoplasmic tail have been isolated from murine tissues. 

Human B ceils isolated from peripheral blood using anti-CD19/20 antibodies were also positive for 
1 0 short form (6.4 variant) and long from (13.2 variant) receptor mRNA expression. 

The WSX receptor i^pears to be expressed on both progenitor and more mature hematopoietic cells. 
EXAMPLE 7 
Cloning of Murine WSX Receptor 
The human WSX receptor was used as a probe to isolate murine WSX receptor. The pRKtkNeo.WSX 
15 plasmidofExample 4 was digested using Sspl. ThisSspl fragment (1624 bps) was isolated, and radiolabel led, 
and used to screen a murine liver XgtlO library (Clontech). This resulted in 4 positive clones which were isolated 
and sequenced after sub-cloning into pBSSK" via EcoRl digestion. The resultant clones, designated 1, 2, 3, 4 
showed homology to the exffacellular domain of the human WSX receptor; the contiguous sequences resulting 
from these clones extended from the initiation methionine to tiyptophan at position 783. The overall similarity 
20 of human WSX receptor and murine WSX receptor is 73 % over this region of the respective extracellular 
domains (see Figs. 4A-B). 

EXAMPLES 

The Role of WSX Receptor in Hematopoietic Cell Proliferation 

The presence of the WSX receptor in the enriched human stem cell population GD34'^ from cord blood 
25 is indicative of a potential role for this receptor in stem cell/progenitor cell proliferation. The proliferation of 
CD34^ human blood cells in methylcellulose media (Stem Cell Technologies) was determined in the presence 
or absence of WSX receptor antisense oligonucleotides. These experiments were also repeated in the murine 
hematopoietic system using AA4^ Sca+ Kit"*" stem ceils from the murine fetal liver. In both instances, the 
antisense oligonucleotides statistically significantly inhibited colony formation from the hematopoietic progenitor 
30 cells, See Table 1 below. The anti-proliferative effects were most pronounced using the -20 antisense and the 
+85 antisense oligonucleotide constructs. This inhibition was not lineage specific to any particular myeloid 
lineage that resulted from tiie progenitor expansion. The principal effect of the antisense oligonucleotides was 
a reduction of overall colony numbers. The size of the individual colonies was also reduced. 

Antisense oligraiucleotide experiments using both human and murine stem cells demonstrated an 
35 inhibition of myeloid colony formation. Although, the reduction in myelopoiesis observed in these assays could 
be prevented by the additional inclusion of G-CSF and GM-CSF in the culture medium. These data serve to 
illustrate the redundancy of cytokine action in the myelopoietic compartment. 
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EXPERIMENT 


OLIGO. 


AVG. COLONY # 


% INHIBITION 


Human Cord Blood (KL) 


{-20)AS 


32 






(-20)S 


100 


70 




{-20)SCR 


114 






(+85)AS 


80 






(+85)S 


123 


38 




(+85)SCR 


138 






Control 


158 




Human Cord Blood 


(-20)AS 


78 




(IL-3,IL^.KL) 


(-20)S 


188 


54 




(-20)SCR 


151 






(+85)AS 


167 






(+85)S 


195 


18 




(+85)SCR 


213 






Control 


266 




Human Cord Blood (KL) 


(-20)AS 


42 






(-20)S 


146 


69 




(-20)SCR 


121 






(+85)AS 


123 






(+85)S 


162 


23 




(+85)SCR 


156 






Control 


145 




Murine Fetal Liver (KL) 


(+84)AS 


33 






(+84)S 


86 


54 




(+84)SCR 


57 






(-20)AS 


27 






(-20)S 


126 


71 




(-20)SCR 


60 






(-99)AS 


109 






(-99)S 


93 


0 




C-99)SCR 


109 






Control 


121 




Murine Fcul Liver (KL) 


(-213)AS 


51 






(-213)5 


60 


10 




(-213)SCR 


53 






(+2 IDAS 


58 






(+211)8 


54 


3 




(+2n)SCR 


66 






Control 


59 





Materials and Methods 



10 Human stem cells: Human umbilical cord blood was collected in PBS/Heparin (1000^/ml). The 

mononuclear fraction was separated using a dextran gradient and any remaining red blood cells lysed in 20 mM 
NH4 CI. CD34"'" cells were isolated using CD34"'" immunomagnetic beads (Miltenyi, CA). These isolated 
CD34"'" cells were found to be 90-97% CD34"'^ by FACS analysis. 
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Murine stem cells: Midgestation fetal liver were harvested and positively selected for the A A4" antigen 
by immune panning. The AA4' positive fraction was then further enriched for stem cell content by FACS 
isolation of the AA4'^ Sea"*" Kit"*" fraction. 

Antisense experiments: Oligodeoxynucleotides were synthesized against regions of the human or 
5 murine WSX receptors. For each oligonucleotide chosen, antisense (AS), sense (S) and scrambled (SCR) 
versions were syntfiesized (see Fig. 7). + or - indicates position relative the initiation methionine of the WSX 
receptor. CD34''' or A A4''' Sca"^ Kit"*" cells were incubated at a concentration of 10^/ml in 50:50 DMEM/FI2 
media supplemented with 10% PBS, L-glutamine, and GIBCO™ lipid concentrate containing either sense, 
antisense or scrambled oligonucleotides at a concentration of 70 ng/ml. After 1 6 hours, a second aliquot of the 
10 respective oligonucleotide was added (35 ^g/ml) and the cells incubated for a further 6 hours. 

Colony assays: 5000 cells from each of the above conditions were aliquoted into 5 ml of 
methylcellulose (Stem Ceil Technologies) containing kit ligand (KL) (25 ng/ml), interleukin-3 (lL-3) (25 ng/ml) 
and interleuk)n-6 (IL-6) (50 ng/ml). The methylcellulose cultures were then incubated at 37° C for 1 4 days and 
the resultant colonies counted and phenotyped. All assays were performed in triplicate. 
15 EXAMPLE 9 

WSX Receptor Variant 13.2 is a Receptor for OB Protein 
The WSX receptor variant 13.2 has essentially the same amino acid sequence as the recently cloned 
leptin (OB) receptor. See Tartaglia etal.. Cell 83:1263-1271 (1995). OB protein was able to stimulate thymidine 
incorporation in Baf3 cells transfected with WSX receptor variant 13.2 as described in Example 4 (See Fig. 9). 
20 OB protein expression in hematopoietic cells was studied. Oligonucleotide primers designed 

specifically against the OB protein illustrated the presence of this ligand in fetal liver and fetal brain as well as 
in two fetal liver stromal cell lines, designated 10-6 and 7-4. Both of these immortalized stromal cell lines have 
been demonstrated to support both myeloid and lymphoid proliferation of stem cell populations (Zeigier et ai. 
Blood 84:2422-2430 ( 1 994)). 
25 EXAMPLE 10 

Role of OB Protein in Hematopoiesis 
To examine the hematopoietic activity of OB protein, a variety of in vitro assays were performed. 
Murine fetal liver flASK stem cells were isolated fi-om the midgestational fetal liver as described in 
Zeigier et al.. Blood 84:2422-2430 ( 1 994) and studied in stem cell suspension culture or methylcellulose assays. 
30 For the stem cell suspension cultures, twenty thousand of the fLASK cells were seeded in individual 

wells in a 12 well format in DMEM 4.5/F12 media supplemented with 10% heat inactivated fetal calf serum 
(Hyclone, Logan, UT) and L-glutamine. Grovrth factors were added at the following concentrations: kit ligand 
(KL) at 25 ng/mL, interIeukin-3 (IL-3) at 25 ng/mL, interleukin-6 (IL-6) at 50 ng/mL. G-CSF at 1 00 ng/mL, GM- 
CSF at 100 ng/mL, EPO at 2U/mL, interleukin-7 (IL-7) at 1 00 ng/mL (all growth factors from R and D Systems, 
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Minneapolis, MN). OB protein was added at 100 ng/mL unless indicated otherwise. Recombinant OB protein 
was produced as described in Levin et al., Proc. Nail. Acad. Sci. (USA) 93:1726-1730 (1996). 

In keeping with its ability to transduce a proliferative signal in Baf3 cells (see previous Example), OB 
protein dramatically stimulated the expansion of flASK cells grown in suspension culture in the presence of kit 
5 ligand (Fig. IDA). The addition of OB protein alone to these suspension cultures was unable to effect survival 
of the hematopoietic stem cells (HSCs). When a variety of hematopoietic growth factors in suspension culture 
assays were tested, the main synergy of OB protein appeared to be with KL, GM-CSF and IL-3 (Table 2). No 
preferential expansion of any particular lineage was observed from cytospin analysis of the resultant cultures. 



TABLE 2 



Factor 


KL 


KL+OB protein 


OB protein 


N/A 


128+/-9 


192+/-13 




G-CSF 


131+/-3 


177+/-8 


30+/-5 


GM-CSF 


148+/-4 


165+/-6 


1 34+/- 10 


IL-3 


189+A7 


I87+/-4 


144+/- 


lL-6 


1I2+/-4 


198+/-5 


32+/-3 


EPO 


121+/-3 


177+/-8 


30+/-6 


lL-3 & IL-6 


112+/- 12 


198+/-7 


32+/-7 



flASK stem cells were isolated. Twenty thousand cells were plated in suspension culture with the relevant 
growth factor combination. Cells were harvested and counted after 7 days. Cell numbers are presented xlO^, 
20 Assays were performed in triplicate and repeated in two independent experiments. 

Methylcellulose assays were performed as previously described (Zeiger el al., supra). Briefly, 
methylcellulose colony assays were performed using "complete" methylcellulose or pre-B methylcellulose 
medium (Stem Cell Technologies, Vancouver, British Columbia, C:anada) with the addition of 25 ng/mL KL (R 
and D Systems, Minneapolis, MN). Cytospin analyses of the resultant colonies were performed as previously 
25 described in Zeigier et al. 

When these methylcellulose assays were employed, OB protein augmented myeloid colony formation 
and dramatically increased lymphoid and erythroid colony formation (Figs. I OB and IOC) which demonstrates 
that OB protein can act on very early cells of the hematopoietic lineage. Importantly, the hematopoietic activity 
of OB protein was not confined to fetal liver stem cells, the murine bone marrow stem cell population; Lin'°Sca"^ 
30 also proliferated in response to OB protein (KL: 5 fold expansion, KL and OB protein: 10 fold expansion). 

Further hematopoietic analysis of the role of the WSX receptor was carried out by examining 
hematopoietic defects in the db/db mouse. 
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These defects were assessed by measuring the proliferative potential of db/db homozygous mutant 
marrow. Under conditions favoring either myeloid (Humphries et ai, Proc. Nail. Acad. Sci. (USA) 78:3629- 
3633 (1981)) or lymphoid (McNIece etal.,J. Immunol. 146:3785-90 (1991)) expansion, the colony forming 
potential of the db/db marrow was significantly reduced when compared to the wild-type control marrow (Fig. 
5 11). This was particularly evident when the comparison was made under pre-B methylcellulose conditions where 
KL and IL-7 are used to drive lymphopoiesis (McNiece et al., supra). Corresponding analysis of the 
complementary mouse mutation ob/ob, which is deficient In the production of OB protein (Zhang el al.. Nature 
372:425-431 (1994)), also indicated that the lymphoproliferative capacity is compromised in the absence of a 
functional OB protein signalling pathway (Fig. 11). However, this reduction was less than the reduction 
10 observed using iii/i^A marrow. 

Analysis of the cellular profile of the db/db and wild-type marrow revealed significant differences 
between the two. Overall cellularity of the db/db marrow was unchanged. However, when various B cell 
populations in the db/db marrow were examined, both decreased levels of B220^ and B220"^/CD43"'^ cells were 
found. B220"*" cells represent all B cell lineages while CD43 is considered to be expressed preferentially on the 
15 earliest cells of the B cell hierarchy (Hardy et al., J. Exp. Med 173:1213-25 (1991)). No differences were 
observed between the CD4/CD8 staining profiles of the two groups. The TERl 19 (a red cell lineage marker) 
population was increased in the db/db marrow (Fig. 12A). 

Comparison of the spleens from the two groups revealed a significant decrease in both tissue weight 
and cellularity of the db/db mice compared to the homozygote misty gray controls (0,063 ±0.009 g vs. 
20 0,037±0.006 g and l.lOxlo'ilxlO^ vs. 4.3xl0^±10'' cells > p0.05). This decreased cellularity in the db spleen 
was reflected in a marked reduction in TERI 19 staining (Fig. 12B). This result appears to confirm the synergy 
demonstrated between OB protein and EPO and points to a role for OB protein in the regulation of 
erythropoiesis. 

Examination of the hematopoietic compartment of the db/db mouse in vivo demonstrated a significant 
25 reduction in peripheral blood lymphocytes when compared to heterozygote or wild-type controls. Db/db mice 

fail to regulate blood glucose levels and become diabetic at sqjproximately 6-8 weeks of age; therefore, peripheral 

blood counts as the animals matured were followed. 

For procurement of blood samples, prior to the experiment and at time points throughout the study, 40 

HL of blood was taken from the orbital sinus and immediately diluted into 10 mL of diluent to prevent clotting. 
30 The complete blood count from each blood sample was measured on a Serrono Baker system 9018 blood 

analyzer within 60 min. of collection. Only half the animals in each dose group were bled on any given day, thus, 

each animal was bled on alternate time points. Blood glucose levels were measured in orbital sinus blood 

samples using One Touch glucose meters and test strips (Johnson and Johnson). The results of this experiment 

are shown in Figs. 13A-C. 
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This analysis demonstrated that peripheral blood lymphocytes are significantly reduced at all time points 
compared to control animals and that the peripheral lymphocyte population of the db/db mouse does not change 
significantly with age. FACS analysis revealed that the decreased lymphocyte population represented a decrease 
in both 8220"*^ cells and CD4/CD8 cells, Both erythrocyte and platelets are at wild-type levels throughout ail 
5 time periods examined. The peripheral blood lymphocyte levels in ob/ob homozygous mutant mice were 
unchanged from wild-type controls. 

Hematopoietic analysis of the db/db mouse can be complicated by the onset of diabetes. Therefore, the 
impact of high glucose levels on lymphopoiesis was examined by comparing the peripheral blood profiles and 
blood glucose levels in two other disbctic models^ the glucokindse knockout heterozygote mouse (Grupe et al., 

1 0 Cell 83 :69-78 ( 1 995)) and the IFN- a transgenic mouse (Stewart el al. , Science 260: 1 942-6 ( 1 993)). Comparison 
of peripheral lymphocytes and blood glucose in db/db mice, their appropriate controls and the high glucose 
models illustrated no relationship between blood-glucose and lymphocyte counts (Fig. 14). These results suggest 
therefore that the lymphoid defects observed in the db/db mouse are directly attributed to the hematopoietic 
function of the OB protein signalling pathway. 

1 5 To test the capacity of the db/db hematopoietic compartment to respond to challenge, the db/db mice 

and controls were subjected to sub-lethal irradiation C57BLK.S/J db/db, C57BLKS/Jm'*"/db, and C57BLKS/J 
"""m/^m mice were subjected to sub-iethal whole body irradiation (750 cGy, 190 cGy/min) as a single dose from 
a ' ^^Cs source. Ten animals were used per experimental group. The kinetics of hematopoietic recovery were 
then followed by monitoring the peripheral blood during the recovery phase. This experiment illustrated the 

20 inability of the db/db hematopoietic system to fiilly recover the lymphopoietic compartment of the peripheral 
blood 35 days post-irradiation. Platelet levels in these mice followed the same recovery kinetics as controls, 
however the reduction in erythrocytes lagged behind controls by 7-10 days. This finding may reflect the 
increased TER 1 19 population found in the marrow of the db/db mice (Fig. 12A). 

Materials and Methods 

25 Bone marrow, spleens and peripheral blood was harvested irom the diabetic mouse strains: C57BLKS/J 

db/db (mutant), C57BLKS/J m+/db (lean heterozygote control littermate), C57BLKS/J+m/+m (lean homozygote 
misty gray coat control littermate) and the obese mouse strains: C57BLI6]-ob/ob (mutant) and the C57BL/6J- 
ob/+ (lean littermate control). All strains from the Jackson Laboratory, Bar Harbor, ME. A minimum of five 
animals were used per experimental group. Femurs were flushed with Hank's balanced salt solution (HBSS) plus 

30 2% PCS and a single cell suspension was made of the bone marrow cells. Spleens were harvested and the splenic 
capsule was ruptured and filtered through a nylon mesh. Peripheral blood was collected through the retro-orbital 
sinus in phosphate buffered saline (PBS) with lOU/mL heparin and Immol EDTA and processed as previously 
described. The bone marrow, splenocytes and peripheral blood were then stained with the monoclonal antibodies 
against the following antigens: B220/CD45R (Pan B cell) FITC antimouse, TER-1 19/eiythroid cell R-PE 

35 antimouse, CD4 (L3T4), FITC antimouse, CDS (Ly 3.2), FITC antimouse, and sIgM (Igh-6b), FITC antimouse 
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(All monoclonals from Pharmigcn, San Diego, CA). The appropriate isotype controls were included in each 
experiment. For methylcellulose assays, the bone marrow from five animals per group was pooled and 1 00,000 
cell aliquots from each group used for each assay point. 

EXAMPLE 11 

5 Expression of OB-immunoadhesin 

Using protein engineering techniques, the human OB protein was expressed as a fusion with the hinge, 
CH2 and CH3 domains of IgGl. DNA constructs encoding the chimera of the human OB protein and IgGl Fc 
domains were made with the Fc region clones of human IgG I . Human OB cDNA was obtained by PCR from 
human fet cell dscDNA (Clontech Buick-Clone cDNA product). The source of the IgGl cDNA was the plasmid 
10 pBSSK-CH2CH3. The chimera contained the coding sequence of the fijll length OB protein (amino acids I-I67 
in Figure 16) and human IgGl sequences beginning at aspartic acid 216 (taking amino acid 114 as the first 
residue of the heavy chain constant region (Rabat et ai. Sequences of Proteins of Immunological Interest 4th 
ed. (1987)), which is the first residue of the IgG 1 hinge after the cysteine residue involved in heavy-light chain 
bonding, and ending with residues 44 1 to include the CH2 and CH3 Fc domains of IgG 1 . There was an insert 
15 ofcodonsforthree amino acids (GlyValThr) between the OB protein and IgGl coding sequences. Ifnecessary, 
this short linker sequence can easily be deleted, for example by site directed deletion mutagenesis, to create an 
exact junction between the coding sequences of the OB protein and the IgG 1 hinge region. The coding sequence 
of the OB-IgGl immunoadhesin was subcloned into the pRK5-based vector pRK5tk-neo which contains a 
neomycine selectable marker, for transient expression in 293 cells using the calcium phosphate technique (Suva 
20 etal, Science Til -.m-m (1987)). 293 cells were culftired in HAM's : Low Glucose DMEM medium (50:50), 
containing 1 0% FBS and 2 mM L-Gln. For purification of OB-IgG 1 chimeras, cells were changed to serum free 
production medium PS24 the day after transfection and media collected after three days. The culture media was 
filtered. 

The filtered 293 cell supernatant (400 ml) containing recombinant human OB-lgG I was made 1 mM 
25 in phenylmethylsulfonyl fluoride and 2 ng/ml in aprotinin. This material was loaded at 4°C onto a I x 4.5 cm 
Protein A agarose column (Pierce catalog U 20365) equilibrated in 100 mM HEPES pH 8. The flow rate was 
75 ml/h. Once the sample was loaded, the column was washed with equilibration buffer until the AjgQ reached 
baseline. The OB-IgG 1 protein was elutcd with 3.5 M MgCl2 + 2% glycerol (unbuffered) at a flow rate of 15 
ml/h. The eluate was collected with occasional mixing into 1 0 ml of 100 mM HEPES pH 8 to reduce the MgCl2 
30 concentration by approximately one-half and to raise the pH. The eluted protein was then dialyzed into 
phosphate buflfered saline, concentrated, sterile filtered and stored either at 4° C or frozen at -70 ° C. The OB- 
IgG I immunoadhesin prepared by this method is estimated by SDS-PAGE to be greater than 90% pure. 



-71- 



wo 97/25425 PCTAJS97/00325 
EXAMPLE 12 
Preparation of PEG-OB 

The PEG derivatives of the human OB protein were prepared by reaction of hOB protein purified by 
reverse phase chromatography with a succinimidyl derivative of PEG propionic acid (SPA-PEG) having a 
5 nominal molecular weight of 10 kD, which had been obtained irom Shearwater Polymers, Inc. (Huntsville, AL). 
After purification of the hOB protein by reverse phase chromatography, an approximately 1-2 mg/ml solution 
of the protein in 0.1% trifluoroacetic acid and approximately 40% acetonitrile, was diluted with 1/3 to 1/2 
volume of 0.2 M borate buffer and the pH adjusted to 8.5 with NaOH. SPA-PEG was added to the reaction 
mixture to make 1:1 and 1:2 molar ratios of protein to SPA-PEG and the mixture was allowed to incubate at 

10 room temperature for one hour. After reaction and purification by gel electrophoresis or ion exchange 
chromatography, the samples were extensively diaiyzed against phosphate-buffered saline and sterilized by 
filtration through a 0.22 micron filter. Samples were stored at 4°C. Under these conditions, the PEG-hOB 
resulting from the 1 : 1 molar ratio protein to SPA-PEG reaction consisted primarily of molecules with one 1 0 kD 
PEG attached with minor amounts of the 2 PEG-containing species. The PEG-hOB from the 1 :2 molar reaction 

15 consisted of approximately equal amounts of 2 and 3 PEGs attached to hOB, as determined by SDS gel 
electrophoresis. In both reactions, small amounts of unreacted protein were also detected. This unreacted 
protein can be efficiently removed by the gel filtration or ion exchange steps as needed. The PEG derivatives 
of the human OB protein can also be prepared essentially following the aldehyde chemistry described in EP 
372.752 published June 13, 1990. 

20 EXAMPLE 13 

Murine Agonist Antibodies 
Mice were immunized five times with 20ng of the WSX receptor immunoadhesin (see Example 2 
above) resuspended in MPL-TDM (monophosphoryl lipid A/trehalose dicorynomycolate; Rabi, Immunochemical 
Research Inc.) into each foot pad. Three days after the last immunization, popliteal lymphoid cells were fused 

25 with mouse myeloma cells, X63-Ag8.8.653 cells, using 50% polyethylene glycol as described (Laskov et al. Cell. 
Immunol. 55:251 (1980)). 

The initial screening of hybridoma culture supematants was done using a capture ELISA. For the 
capture ELISA, microtiter plates (Maxisorb; Nunc, Kamstnip, Denmark) were coated with 50til/well of 2ng/ml 
of goat antibodies specific to the Fc portion of human IgG (Goat anti-hlgG-Fc; Cappel), in PBS, overnight at 

30 4''C and blocked with 2x BSA for 1 hr at room temperature. Then, 50(il/well of 2ng/ml of WSX receptor 
immunoadhesin was added to each well for I hr. The remaining anti-Fc binding sites were blocked with PBS 
containing 3% human serum and lO^g/nnl of CD4-IgG for 1 hr. Plates were incubated with SO)il/well of 2|xg/ml 
of anti-WSX receptor monoclonal antibody (or hybridoma culture supernatant) for I hr. Plates were then 
incubated with 50fil/well of HRP-goat anti-mouse IgG. The bound enzyme was detected by the addition of the 
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substrate (OPD) and the plates were read at 490nM with an ELISA plate reader. Between each step, plates were 
washed in wash buffer (PBS containing 0.05% TWEEN 20™). 

Agonist antibodies were screened for using the KIRA ELISA described in WO95/I4930. A chimeric 
receptor comprising the extracellular domain of the WSX receptor and the transmembrane and intracellular 
5 domain of Rse receptor (Mark et ai. Journal of Biological Chemistry 269( 14): 1 0720- 1 0728 ( 1 994)) with a 
carboxyl-terminal herpes simplex virus glycoprotein D (gD) tag was produced and dpl2.CHO cells were 
transformed therewith as described in Example 4 of WO95/14930. 

The WSX/Rse.gD transformed dpl2.CHO cells were seeded (3x10^ per well) in the wells of a flat- 
bottom-96 well culture plate in 1 00^1 media and cultured overnight at 37° C in 5% CO2. The following morning 
10 the well supematants were removed and various concentrations of purified mAb were then added to separate 
wells. The cells were stimulated at 37°C for 30 min. and the well supematants were decanted. To lyse the cells 
and solubilize the chimeric receptors, 100 ^l of lysis buffer was added to each well. The plate was then agitated 
gently on a plate shaker (Belico Instruments, Vineland, NJ) for 60 min. at room temperature. 

While the cells were being solubilized, an ELISA microtiter plate (Nunc Maxisorp, Inter Med, 
15 Denmark) coated overnight at 4° C with the 5B6 monoclonal anti-gD antibody (5.0 ng/ml in 50 mM carbonate 
buffer, pH 9.6, 100 |il/well) was decanted and blocked with 150 nl/well of Block Buffer containing 2% BSA for 
60 min. at room temperature. After 60 minutes, the anti-gD 5B6 coated plate was washed 6 times with wash 
buffer (PBS containing 0.05 % TWEEN 20™ and 0.01 % fhimerosal). 

The lysate containing solubilized WSX/Rse.gD from the cell-cuhure microliter well was transferred 
20 (85^1/well) to anti-gD 586 coated and blocked ELISA well and was incubated for 2 h at room temperature. The 
unbound WSX/Rse.gD was removed by washing with wash buffer and 100 fil of biotinylated 4G10 (anti- 
phosphotyrosine) diluted 1:18000 in dilution buffer (PBS containing 0.5 % BSA, 0.05 % Tween-20, 5 mM 
EDTA, and 0.01 % thimerosal), i.e. 56 ng/ml was added to each well. After incubation for 2 h at room 
temperature the plate was washed and HRPO-conjugated streptavidin (Zymed Laboratories, S. San Francisco, 
25 CA) was added to each well. The plate was incubated for 30 minutes at room temperanjre with gentle agitation. 
The free avidin-conjugate was washed away and 1 00 pi freshly prepared substrate solution (tetramethyl benzidine 
(TMB); 2-component substrate kit; Kirkegaard and Perry, Gaithersburg, MD) was added to each well. The 
reaction was allowed to proceed for 1 0 minutes, after which the color development was stopped by the addition 
of lOOjil/well 1.0 M H3PO4. The absorbance at 450 nm was read with a reference wavelength of 650 nm 
30 (ABS^jQ^gjQ), using a vmax plate reader (Molecular Devices, Palo Alto. CA) controlled with a Macintosh 
Centris 650 (Apple Computers, Cupertino, CA) and DeltaSoft software (BioMetallics, Inc, Princeton, NJ). 

Four of the 25 anti-WSX receptor monoclonal antibodies activated the chimeric WSX/Rse receptor in 
the KIRA ELISA. The antibodies were designated: 2D7, 104, lEl I and ICll . 

To determine whether the four agonist anti-WSX receptor mAbs recognized the same or different 
35 epitopes, a competitive binding ELISA was performed as described in Kim et al. J. Immunol. Method 1 56:9- 1 7 
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( 1 992) using biotinylated mAbs (Bio-mAb). Bio-mAb were prepared using N-hydroxy 1 succinimide as described 
in Antibodies, A Laboratory Manual Cold Spring Harbor Laboratory, Eds. Harlow E. and D. Lane, p. 341 
( 1 988). Microliter wells were coated with 50^1 of Goat anti-hlgG-Fc and kept overnight at 4° C, blocked with 
2% BSA for I hr, and incubated with 25 nl/well of human WSX receptor immunoadhesin (Ifig/ml) for I hr at 
5 room temperature. After washing, a mixture of a predetermined optimal concentration of Bio-mAb bound and 
a thousand-fold excess of unlabeled mAb was added into each well. Following Ihr incubation at room 
temperature, plates were washed and the amount of Bio-mAb was detected by the addition of HRP-streptavidin. 
After washing the plates, the bound enzyme was detected by the addition of the substrate o-phenylenediamine 
dihydrochloride (OPD), and the plates were read at 490nm with an ELISA plate reader. 

10 The ability of the mAbs to recognize murine WSX receptor was determined in a capture ELISA. 

Murine WSX receptor (Fig. 21) fused to a gD tag (see above) was captured by an anti-gD (586) coated ELISA 
plate. After washing, various concentrations of biotinylated mAbs were added into each well. Biotinylated 
mAbs bound to murine WSX receptor-gD were detected using HRP-streptavidin as described above. 

To determine whether the antibodies bound membrane-bound receptor, FACS analysis was performed 

1 5 using 293 cells transfected with WSX receptor. 1 0^ WSX receptor-transfected 293 cells were resuspended in 
lOOul of PBS plus 1% fetal calf serum (FSC) and incubated with 2D7 or 104 hybridoma cell supernatant for 
30 min on ice. After washing, cells were incubated with lOOnl of FITC-goat anti-mouse IgG for 30 min at 4°C. 
Cells were washed twice and resuspended in I50nl of PBS plus 1% FCS and analyzed by FACscan (Becton 
Dickinson, Mountain View, CA). The antibodies 2D7 and IG4 bound to membrane WSX receptor according 

20 to the FACS analysis. 



The properties of agonist antibodies 2D7 and 1G4 are summarized in the following table. 
TABLE 2 



mAb 


Isotype 


epitope^ 


hWSXR^ 


mWSXR** 


,^gonist'^ 


2D7 


IgGl 


A 


+++ 


++ 




104 


IgGl 


B 


+++ 







^ These mAbs are shown to recognize difTerent epitopes by competitive binding ELISA. 

These results are determined by ELISA (hWSXR is human WSX receptor and mWSXR is murine WSX 
receptor). 

^ The agonistic activities were determined by KIRA ELISA. 
30 EXAMPLE 14 

Human Agonist Antibodies 
Single-chain Fv (scFv) fragments binding to the human WSX receptor (hWSXR) were isolated from 
a lai^e human scFv libraiy (Vaughan et al. Nature Biotechnology 14:309-3 14 (1996)) using antigen coated on 
immunotubes or biotinylated antigen in conjunction with streptavidin-coated magnetic beads (Griffiths el al. 
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EMBOJ. 13:3245-3260 (1994); and Vaughan et al. (1996)). Briefly, immunotubes coated overnight with 
10ng/ml human WSX receptor immunoadhesin (see Example 2 above) in phosphate buffered saline (PBS) were 
used for three rounds of panning. The humanized antibody, huMAb4D5-8 (Carter el al. Proc. Natl. Acad. Sci. 
USA 89:4285-4289 (1992)) was used to counter-select for antibodies binding to the Fc of the immunoadhesin. 

5 This was done by using Img/ml huMAb4D5-8 in solution for the panning steps. In addition, human WSX 
receptor extracellular domain (cleaved from the WSX receptor immunoadhesin with Genenase (Carter el al. 
Proteins: Structure, Function and Genetics 6:240-248 (1989)) was biotinylated and used for three rounds of 
panning. Individual phage following two or three rounds of panning were characterized by antigen-binding 
ELISA (Tables 3 and 4). 

0 TABLE 3 

Panning with human WSX receptor immunoadhesin-coated immunotubes 



Phage ELISA 


# clones 

characterized 


# BstNI 

fingerprints 


Round 


hWSXR 


Fc 


2 


74/96 


0/96 


74 


113 


3 


191/192 


1/192 


58 


8* 


* Total of ] 1 different clones identified. 

TABLE 4 


Phage ELISA 


# clones 

characterized 


U BstNI 
fingerprints 


Round 


hWSXR 


Fc 


2 


8/96 


0/96 


8 


4a 


3 


49/192 


1/192 


49 


4a 



^ Total of 7 different clones identified. 

Clones binding to human WSX receptor were ftirther characterized by BstNI fingerprinting of a PGR 
fragment encoding the scFv. A total of 1 8 clones were idemified: 1 1 from the panning using immunotubes and 
7 from the panning using biotinylated antigen (there was no overlap between these groups). The DNA for all 
18 clones was sequenced. 

Anti-huWSXR clones obtained as described above were analyzed for agonist activity in a KIRA-ELISA 
assay (see above and Fig. 22) firstly as scFv phage and then as scFv. The scFv phage were PEG-precipitated 
(Carter et al.. Mutagenesis: A Practical Approach, McPherson, M. ed. IRL Press, Oxford, UK, Chapter I, pp 
1-25 (1991)) and resuspended in PBS prior to screening. To prepare the scFv, DNA from the clones was 
transformed into 33D3 cells (a non-suppressor strain for expression of soluble protein). The cells were plated 
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onto 2YT/2%glucose/50ng per ml of carbenicillin and incubated at 37° C overnight. A 5 ml culture (2YTG: 
2YT, 2% glucose, SOfig/ml carbenicillin) was innoculated and grown at 30° C overnight. The next morning, the 
5ml culture was diluted into 500ml 2YTG media and grown at 30° C until OD550- 0.3. Then, the media was 
changed from 2YTG into 2YT/50ng/ml carbenicillin/2mM IPTG and grown at 30° C for 4-5 hrs for scFv 

5 production. The culture was harvested and the cell pellet was frozen at -20° C. For purification, the cell pellet 
was resuspended in 10ml shockate buffer (50mM TrisHCI pH8.5, 20% sucrose, ImM EDTA) and agitated at 
4° C for Ihr. The debris was spun down and supernatant was taken to be purified on Ni NTA Superose (Qiagen) 
column. MgCl2 was added to the supernatant to 5mM and loaded onto 0.5ml Ni NTA Superose packed into a 
disposable columnn. The column was then washed with 2x5ml wash buffer I (50mM sodium phosphate, 300mlVt 

10 NaCI, 25mM imidazole pH 8.0) followed by 2x5ml wash 2 buffer (50mM sodium phosphate, 300mM NaCl, 
50mM imidazole pH 8.0). The scFv was then eluted with 2.5ml elution buffer (50mM sodium phosphate, 
300mM NaCl, 250mM imidazole, pH8.0). The eluted pool was buffer exchanged into PBS with a NAPS column 
(Pharmacia) and stored at 4° C. 

Clones #3, #4 and #17 were found to have agonist activity as phage and as scFv (see Figs. 23 and 24). 

1 5 The sequences of these agonist clones arc shown in Fig. 25. The activity of the antibodies as F(ab')2 in the KIRA 
ELISA was assessed, with clone U4 and clone # 17 showing enhanced activity as F(ab')2. The ability of the 
antibodies to bind murine WSX receptor in a capture ELISA (see Example 1 3) was assessed. Clone #4 and clone 
# 1 7 bound murine WSX receptor in this assay. 
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SEQUENCE LISTING 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: GENENTECH, INC. 
(ii) TITLE OF INVENTION: WSX RECEPTOR AND LIGANDS 
5 (iii) NUMBER OF SEQUENCES: 51 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/667197 

(B) FILING DATE: 06/20/96 

25 (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/585005 

(B) FILING DATE: 01/08/96 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
30 (B) REGISTRATION NUMBER: 40,378 

(C) REFERENCE /DOCKET NUMBER: P0986P2PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9881 
35 (C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4102 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Double 

(D) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GAATTCTCGA GTCGACGGCG GGCGTTAAAG CTCTCGTGGC ATTATCCTTC 50 
AGTGGGGCTA TTGGACTGAC TTTTCTTATG CTGGGATGTG CCTTAGAGGA 100 
TTATGGGTGT ACTTCTCTGA AGTAAGATGA TTTGTCAAAA ATTCTGTGTG 150 
5 GTTTTGTTAC ATTGGGAATT TATTTATGTG ATAACTGCGT TTAACTTGTC 200 
ATATCCAATT ACTCCTTGGA GATTTAAGTT GTCTTGCATG CCACCAAATT 25 0 
CAACCTATGA CTACTTCCTT TTGCCTGCTG GACTCTCAAA GAATACTTCA 300 
AATTCGAATG GACATTATGA GACAGCTGTT GAACCTAAGT TTAATTCAAG 350 
TGGTACTCAC TTTTCTAACT TATCCAAAAC AACTTTCCAC TGTTGCTTTC 400 

10 GGAGTGAGCA AGATAGAAAC TGCTCCTTAT GTGCAGACAA CATTGAAGGA 450 
AAGACATTTG TTTCAACAGT AAATTCTTTA GTTTTTCAAC AAATAGATGC 500 
AAACTGGAAC ATACAGTGCT GGCTAAAAGG AGACTTAAAA TTATTCATCT 550 
GTTATGTGGA GTCATTATTT AAGAATCTAT TCAGGAATTA TAACTATAAG 600 
GTCCATCTTT TATATGTTCT GCCTGAAGTG TTAGAAGATT CACCTCTGGT 650 

15 TCCCCAAAAA GGCAGTTTTC AGAT6GTTCA CTGCAATTGC AGTGTTCATG 700 
AATGTTGTGA ATGTCTTGTG CCTGTGCCAA CAGCCAAACT CAACGACACT 750 
CTCCTTATGT GTTTGAAAAT CACATCTGGT GGAGTAATTT TCCAGTCACC 800 
TCTAATGTCA GTTCAGCCCA TAAATATGGT GAAGCCTGAT CCACCATTAG 850 
GTTTGCATAT GGAAATCACA GATGATGGTA ATTTAAAGAT TTCTTGGTCC 900 

20 AGCCCACCAT TGGTACCATT TCCACTTCAA TATCAAGTGA AATATTCAGA 950 
6AATTCTACA ACAGTTATCA GAQAAGCTGA CAAGATTGTC TCAGCTACAT 1000 
CCCTGCTAGT AGACAGTATA CTTCCTGGGT CTTCGTATGA GGTTCAGGTG 1050 
AGGGGCAAGA GACTGGATGG CCCAGGAATC TGGAGTGACT GGAGTACTCC 1100 
TCGTGTCTTT ACCACACAAG ATGTCATATA CTTTCCACCT AAAATTCTGA 1150 

25 CAAGTGTTGG GTCTAATGTT TCTTTTCACT GCATCTATAA GAAGGAAAAC 1200 
AAGATTQTTC CCTCAAAAGA GATTGTTTGG TGGATGAATT TAGCTGAGAA 1250 
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AATTCCTCAA AGCCAGTATG ATGTTGTGAG TGATCATGTT AGCAAAGTTA 1300 

CTTTTTTCAA TCTGAATGAA ACCAAACCTC GAGGAAAGTT TACCTATGAT 1350 

GCAGTGTACT GCTGCAATGA ACATGAATGC CATCATCGCT ATGCTGAATT 14 00 

ATATGTGATT GATGTCAATA TCAATATCTC ATGTGAAACT GATGGGTACT 14 50 

5 TAACTAAAAT GACTTGCAGA TGGTCAACCA GTACAATCCA GTCACTTGCG 1500 

GAAAGCACTT TGCAATTGAG GTATCATAGG AGCAGCCTTT ACTGTTCTGA 155 0 

TATTCCATCT ATTCATCCCA TATCTGAGCC CAAAGATTGC TATTTGCAGA 160 0 

GTGATGGTTT TTATGAATGC ATTTTCCAGC CAATCTTCCT ATTATCTGGC 1650 

TACACAATGT GGATTAGGAT CAATCACTCT CTAGGTTCAC TTGACTCTCC 1700 

10 ACCAACATGT GTCCTTCCTG ATTCTGTGGT GAAGCCACTG CCTCCATCCA 1750 

GTGTGAAAGC AGAAATTACT ATAAACATTG GATTATTGAA AATATCTTGG 1800 

GAAAAGCCAG TCTTTCCAGA GAATAACCTT CAATTCCAGA TTCGCTATGG 1850 

TTTAAGTGGA AAAGAAGTAC AATGGAAGAT GTATGAGGTT TATQATGCAA 1900 

AATCAAAATC TGTCAGTCTC CCAGTTCCAG ACTTGTGTGC AGTCTATGCT 1950 

15 GTTCAGGTGC GCTGTAAGAG GCTAGATGGA CTGGGATATT GGAGTAATTG 2000 

GAGCAATCCA GCCTACACAG TTGTCATGGA TATAAAAGTT CCTATGAGAG 2050 

GACCTGAATT TTGGAGAATA ATTAATGGAG ATACTATGAA AAAGGAGAAA 2100 

AATGTCACTT TACTTTGGAA GCCCCTGATG AAAAATGACT CATTGTGCAG 2150 

TGTTCAGAGA TATGTGATAA ACCATCATAC TTCCTGCAAT GGAACATGGT 2200 

20 CAGAAGATGT GGGAAATCAC ACGAAATTCA CTTTCCTGTG GACAGAGCAA 2250 

GCACATACTG TTACGGTTCT GGCCATCAAT TCAATTGGTG CTTCTGTTGC 2300 

AAATTTTAAT TTAACCTTTT CATGGCCTAT GAGCAAAGTA AATATCGTGC 2350 

AGTCACTCAG TGCTTATCCT TTAAACAGCA GTTGTGTGAT TGTTTCCTGG 2400 

ATACTATCAC CCAGTGATTA CAAGCTAATG TATTTTATTA TTGAGTGGAA 2450 

25 AAATCTTAAT GAA0ATC3GTG AAATAAAATG GCTTAGAATC TCTTCATCTG 2500 

TTAA6AAGTA TTATATCCAT GATCATTTTA TCCCCATTGA GAAGTACCAG 2550 
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TTCAGTCTTT ACCCAR.TATT TATGGAAGGA GTGGGAAAAC CAAAGATAAT 26 00 

TAATAGTTTC ACTCAAGATG ATATTGAAAA ACACCAGAGT GATGCAGGTT 2650 

TATATGTAAT TGTGCCAGTA ATTATTTCCT CTTCCATCTT ATTGCTTGGA 2 700 

ACATTATTAA TATCACACCA AAGAATGAAA AAGCTATTTT GGG7VAGATGT 2 750 

5 TCCGAACCCC AAGAATTGTT CCTGGGCACA AGGACTTAAT TTTCAGAAGC 2800 

CAGAAACGTT TGAGCATCTT TTTATCAAGC ATACAGCATC AGTGACATGT 2 850 

GGTCCTCTTC TTTTGGAGCC TGAAACAATT TCAGAAGATA TCAGTGTTGA 2900 

TACATCATGG AAAAATAAAG ATGAGATGAT GCCAACAACT GTGGTCTCTC 2950 

TACTTTCAAC AACAGATCTT GAAAAGGGTT CTGTTTGTAT TAGTGACCAG 3 0 00 

10 TTCAACAGTG TTAACTTCTC TGAGGCTGAG GGTACTGAGG TAACCTATGA 3050 

GGACGAAAGC CAGAGACAAC CCTTTGTTAA ATACGCCAC6 CTGATCAGCA 3100 

ACTCTAAACC AAGTGAAACT GGTGAAGAAC AAGGGCTTAT AAATAGTTCA 3150 

GTCACCAAGT GCTTCTCTAG CAAAAATTCT CCGTTGAAGG ATTCTTTCTC 3200 

TAATAGCTCA TGGGA6ATAG AQGCCCAGGC ATTTTTTATA TTATCAGATC 3250 

15 AGCATCCCAA CATAATTTCA CCACACCTCA CATTCTCAGA AGGATTGGAT 3300 

GAACTTTTGA AATTGGAGGG AAATTTCCCT GAAGAAAATA ATGATAAAAA 3350 

GTCTATCTAT TATTTAGGGG TCACCTCAAT CAAAAAGAGA GAGAGTGGTG 3400 

TGCTTTTGAC TGACAAGTCA AGGGTATCGT GCCCATTCCC AGCCCCCTGT 3450 

TTATTCACGG ACATCAGAGT TCTCCAGGAC AGTTGCTCAC ACTTTGTAGA 3500 

20 AAATAATATC AACTTAGGAA CTTCTAGTAA GAAGACTTTT GCATCTTACA 3550 

TGCCTCAATT CCAAACTTGT TCTACTCAGA CTCATAAGAT CATGGAAAAC 3600 

AAGATGTGTG ACCTAACTGT GTAATTTCAC TGAAGAAACC TTCAGATTTG 3650 

TGTTATAATG GGTAATATAA AGTGTAATAG ATTATAGTTG TGGGTGGGAG 3700 

AGAGAAAAGA AACCAGAGTC AAATTTGAAA ATAATTGTTC CAAATGAATG 3750 

25 TTGTCTGTTT GTTCTCTCTT AGTAACATAG ACAAAAAATT TGAGAAAGCC 3800 

TTCATAAGCC TACCAATGTA GACACGCTCT TCTATTTTAT TCCCAAGCTC 3850 
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TAGTGGGAAG GTCCCTTGTT TCCAGCTAGA AATAAGCCCA ACAGACACCA 3900 

TCTTTTGTGA GATGTAATTG TTTTTTCAGA GGGCGTGTTG TTTTACCTCA 3950 
AGTTTTTGTT TTGTACCAAC ACACACACAC ACACACATTC TTAACACATG 4 00 0 
TCCTTGTGTG TTTTGAGAGT ATATTATGTA TTTATATTTT GTGCTATCAG 4050 
ACTGTAGGAT TTGAAGTAGG ACTTTCCTAA ATGTTTAAGA TAAACAGAAT 4100 
TC 4102 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1165 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Met lie Cys Gin Lys Phe Cys Val Val Leu Leu His Trp Glu Phe 
15 10 15 

He Tyr Val He Thr Ala Phe Asn Leu Ser Tyr Pro He Thr Pro 
20 25 30 

Trp Arg Phe Lys Leu Ser Cys Met Pro Pro Asn Ser Thr Tyr Asp 
35 40 45 

Tyr Phe Leu Leu Pro Ala Gly Leu Ser Lys Asn Thr Ser Asn Ser 

50 55 60 

Asn Gly His Tyr Glu Thr Ala Val Glu Pro Lys Phe Asn Ser Ser 
65 70 75 

Gly Thr His Phe Ser Asn Leu Ser Lys Thr Thr Phe His Cys Cys 
80 85 90 

Phe Arg Ser Glu Gin Asp Arg Asn Cys Ser Leu Cys Ala Asp Asn 
95 100 105 

He Glu Gly Lys Thr Phe Val Ser Thr Val Asn Ser Leu Val Phe 
110 115 120 

Gin Gin He Asp Ala Asn Trp Asn He Gin Cys Trp Leu Lys Gly 
125 130 135 

Asp Leu Lys Leu Phe He Cys Tyr Val Glu Ser Leu Phe Lys Asn 
140 145 150 
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Leu Phe Arg Asn Tyr Asn Tyr Lys Val His Leu Leu Tyr Val Leu 
155 160 165 

Pro Glu Val Leu Glu Asp Ser Pro Leu Val Pro Gin Lys Gly Ser 
170 175 180 

5 Phe Gin Met Val His Cys Asn Cys Ser Val His Glu Cys Cys Glu 
185 190 195 

Cys Leu Val Pro Val Pro Thr Ala Lys Leu Asn Asp Thr Leu Leu 
200 205 210 

Met Cys Leu Lys He Thr Ser Gly Gly Val He Phe Gin Ser Pro 
10 215 220 225 

Leu Met Ser Val Gin Pro He Asn Met Val Lys Pro Asp Pro Pro 
230 235 240 

Leu Gly Leu His Met Glu He Thr Asp Asp Gly Asn Leu Lys He 
245 250 255 

15 Ser Trp Ser Ser Pro Pro Leu Val Pro Phe Pro Leu Gin Tyr Gin 
260 265 270 

Val Lys Tyr Ser Glu Asn Ser Thr Thr Val He Arg Glu Ala Asp 
275 280 285 

Lys He Val Ser Ala Thr Ser Leu Leu Val Asp Ser He Leu Pro 
20 290 295 300 

Gly Ser Ser Tyr Glu Val Gin Val Arg Gly Lys Arg Leu Asp Gly 
305 310 315 

Pro Gly He Trp Ser Asp Trp Ser Thr Pro Arg Val Phe Thr Thr 
320 325 330 

25 Gin Asp Val He Tyr Phe Pro Pro Lys He Leu Thr Ser Val Gly 
335 340 345 

Ser Asn Val Ser Phe His Cys He Tyr Lys Lys Glu Asn Lys He 
350 355 360 

Val Pro Ser Lys Glu He Val Trp Trp Met Asn Leu Ala Glu Lys 
30 365 370 375 

He Pro Gin Ser Gin Tyr Asp Val Val Ser Asp His Val Ser Lys 
380 385 390 

Val Thr Phe Phe J^n Leu Asn Glu Thr Lys Pro Arg Gly Lys Phe 
395 400 405 
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Thr Tyr Asp Ala Val Tyr Cys Cys Asn Glu His Glu Cys. His His 
410 415 420 

Arg Tyr Ala Glu Leu Tyr Val lie Asp Val Asn lie Asn lie Ser 
425 430 435 

5 Cys Glu Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg Trp Ser 
440 445 450 

Thr Ser Thr lie Gin Ser Leu Ala Glu Ser Thr Leu Gin Leu Arg 
455 460 465 

Tyr His Arg Ser Ser Leu Tyr Cys Ser Asp He Pro Ser He His 
10 470 475 480 

Pro He Ser Glu Pro Lys Asp Cys Tyr Leu Gin Ser Asp Gly Phe 
485 490 495 

Tyr Glu Cys He Phe Gin Pro He Phe Leu Leu Ser Gly Tyr Thr 
500 505 510 

15 Met Trp He Arg He Asn His Ser Leu Gly Ser Leu Asp Ser Pro 
515 520 525 

Pro Thr Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro 
530 535 540 

Ser Ser Val Lys Ala Glu He Thr He Asn He Gly Leu Leu Lys 
20 545 550 555 

He Ser Trp Glu Lys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe 
560 565 570 

Gin He Arg Tyr Gly Leu Ser Gly Lys Glu Val Gin Trp Lys Met 
575 580 585 

25 Tyr Glu Val Tyr Asp Ala Lys Ser Lys Ser Val Ser Leu Pro Val 
590 595 600 

Pro Asp Leu Cys Ala Val Tyr Ala Val Gin Val Arg Cys Lys Arg 
605 610 615 

Leu Asp Gly Leu Gly Tyr Trp Ser Asn Trp Ser Asn Pro Ala Tyr 
30 620 625 630 

Thr Val Val Met Asp He Lys Val Pro Met Arg Gly Pro Glu Phe 
635 640 645 



Trp Arg He He Asn Gly Asp Thr Met Lys Lys Glu Lys Asn Val 
650 655 660 
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Thr Leu Leu Trp Lys Pro Leu Met Lys Asn Asp Ser Leu Cys Ser 

665 670 675 

Val Gin Arg Tyr Val lie Asn His His Thr Ser Cys Asn Gly Thr 

680 685 690 

5 Trp Ser Glu Asp Val Gly Asn His Thr Lys Phe Thr Phe Leu Trp 

695 700 705 

Thr Glu Gin Ala His Thr Val Thr Val Leu Ala He Asn Ser He 

710 715 720 

Gly Ala Ser Val Ala Asn Phe Asn Leu Thr Phe Ser Trp Pro Met 

10 725 730 735 

Ser Lys Val Asn He Val Gin Ser Leu Ser Ala Tyr Pro Leu Asn 

740 745 750 

Ser Ser Cys Val He Val Ser Trp He Leu Ser Pro Ser Asp Tyr 

755 760 765 

15 Lys Leu Met Tyr Phe He He Glu Trp Lys Asn Leu Asn Glu Asp 

770 775 780 

Gly Glu He Lys Trp Leu Arg He Ser Ser Ser Val Lys Lys Tyr 

785 790 795 

Tyr He His Asp His Phe He Pro He Glu Lys Tyr Gin Phe Ser 

20 800 805 810 

Leu Tyr Pro He Phe Met Glu Gly Val Gly Lys Pro Lys He He 

815 820 825 

Asn Ser Phe Thr Gin Asp Asp He Glu Lys His Gin Ser Asp Ala 

830 835 840 

25 Gly Leu Tyr Val He Val Pro Val He He Ser Ser Ser He Leu 

845 850 855 

Leu Leu Gly Thr Leu Leu He Ser His Gin Arg Met Lys Lys Leu 

860 865 870 

Phe Trp Glu Asp Val Pro Asn Pro Lys Asn Cys Ser Trp Ala Gin 

30 875 BSC 885 

Gly Leu Asn Phe Gin Lys Pro Glu Thr Phe Glu His Leu Phe He 

890 895 900 



Lys His Thr Ala Ser Val Thr Cys Gly Pro Leu Leu Leu Glu Pro 
905 910 915 
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Glu Thr He Ser Glu Asp He Ser Val Asp Thr Ser Trp Lys Asn 
920 925 930 

Lys Asp Glu Met Met Pro Thr Thr Val Val Ser Leu Leu Ser Thr 
935 940 945 

5 Thr Asp Leu Glu Lys Gly Ser Val Cys He Ser Asp Gin Phe Asn 
950 955 960 

Ser Val Asn Phe Ser Glu Ala Glu Gly Thr Glu Val Thr Tyr Glu 
965 970 975 

Asp Glu Ser Gin Arg Gin Pro Phe Val Lys Tyr Ala Thr Leu He 
10 980 985 990 

Ser Asn Ser Lys Pro Ser Glu Thr Gly Glu Glu Gin Gly Leu He 
995 1000 1005 

Asn Ser Ser Val Thr Lys Cys Phe Ser Ser Lys Asn Ser Pro Leu 
1010 1015 1020 

15 Lys Asp Ser Phe Ser Asn Ser Ser Trp Glu He Glu Ala Gin Ala 
1025 1030 1035 

Phe Phe He Leu Ser Asp Gin His Pro Asn He He Ser Pro His 
1040 1045 1050 

Leu Thr Phe Ser Glu Gly Leu Asp Glu Leu Leu Lys Leu Glu Gly 
20 1055 1060 1065 

Asn Phe Pro Glu Glu Asn Asn Asp Lys Lys Ser He Tyr Tyr Leu 
1070 1075 1080 

Gly Val Thr Ser He Lys Lys Arg Glu Ser Gly Val Leu Leu Thr 
1085 1090 1095 

25 Asp Lys Ser Arg Val Ser Cys Pro Phe Pro Ala Pro Cys Leu Phe 
1100 1105 1110 

Thr Asp He Arg Val Leu Gin Asp Ser Cys Ser His Phe Val Glu 
H15 1120 1125 

Asn Asn He Asn Leu Gly Thr Ser Ser Lys Lys Thr Phe Ala Ser 
30 1130 1135 1140 

Tyr Met Pro Gin Phe Gin Thr Cys Ser Thr Gin Thr His Lys He 
1145 1150 1155 

Met Glu Asn Lys Met Cys Asp Leu Thr Val 
1160 1165 

(2) INFORMATION FOR SEQ ID NO: 3: 



-85- 



wo 97/25425 PCT/US97/00325 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 896 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

5 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Met lie Cys Gin Lys Phe Cys Val Val Leu Leu His Trp Glu Phe 
15 10 15 

He Tyr Val He Thr Ala Phe Asn Leu Ser Tyr Pro He Thr Pro 
20 25 30 

10 Trp Arg Phe Lys Leu Ser Cys Met Pro Pro Asn Ser Thr Tyr Asp 
35 40 45 

Tyr Phe Leu Leu Pro Ala Gly Leu Ser Lys Asn Thr Ser Asn Ser 
50 55 60 

Asn Gly His Tyr Glu Thr Ala Val Glu Pro Lys Phe Asn Ser Ser 
15 65 70 75 

Gly Thr His Phe Ser Asn Leu Ser Lys Thr Thr Phe His Cys Cys 
80 85 90 

Phe Arg Ser Glu Gin Asp Arg Asn Cys Ser Leu Cys Ala Asp Asn 
95 100 105 

20 He Glu Gly Lys Thr Phe Val Ser Thr Val Asn Ser Leu Val Phe 
110 115 120 

Gin Gin He Asp Ala Asn Trp Asn He Gin Cys Trp Leu Lys Gly 
125 130 135 

Asp Leu Lys Leu Phe He Cys Tyr Val Glu Ser Leu Phe Lys Asn 
25 140 145 150 

Leu Phe Arg Asn Tyr Asn Tyr Lys Val His Leu Leu Tyr Val Leu 
155 160 165 

Pro Glu Val Leu Glu Asp Ser Pro Leu Val Pro Gin Lys Gly Ser 
170 175 180 

30 Phe Gin Met Val His Cys Asn Cys Ser Val His Glu Cys Cys Glu 
185 190 195 

Cys Leu Val Pro Val Pro Thr Ala Lys Leu Asn Asp Thr Leu Leu 
200 205 210 

Met Cys Leu Lys He Thr Ser Gly Gly Val He Phe Gin Ser Pro 
35 215 220 225 
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Leu Met Ser Val Gin Pro lie Asn Met Val Lys Pro Asp Pro Pro 
230 235 240 

Leu Gly Leu His Met Glu He Thr Asp Asp Gly Asn Leu Lys lie 
245 250 255 

5 Ser Trp Ser Ser Pro Pro Leu Val Pro Phe Pro Leu Gin Tyr Gin 
260 265 270 

Val Lys Tyr Ser Glu Asn Ser Thr Thr Val He Arg Glu Ala Asp 
275 280 285 

Lys He Val Ser Ala Thr Ser Leu Leu Val Asp Ser He Leu Pro 
10 290 295 300 

Gly Ser Ser Tyr Glu Val Gin Val Arg Gly Lys Arg Leu Asp Gly 
305 310 315 

Pro Gly He Trp Ser Asp Trp Ser Thr Pro Arg Val Phe Thr Thr 
320 325 330 

15 Gin Asp Val He Tyr Phe Pro Pro Lys He Leu Thr Ser Val Gly 
335 340 345 

Ser Aan Val Ser Phe His Cys He Tyr Lys Lys Glu Asn Lys He 
350 355 360 

Val Pro Ser Lys Glu He Val Trp Trp Met Asn Leu Ala Glu Lys 
20 365 370 375 

He Pro Gin Ser Gin Tyr Asp Val Val Ser Asp His Val Ser Lys 
380 385 390 

Val Thr Phe Phe Asn Leu Asn Glu Thr Lys Pro Arg Gly Lys Phe 
395 400 405 

25 Thr Tyr Asp Ala Val Tyr Cys Cys Asn Glu His Glu Cys His His 
410 415 420 

Arg Tyr Ala Glu Leu Tyr Val He Asp Val Asn He Asn He Ser 
425 430 435 

Cys Glu Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg Trp Ser 
30 440 445 450 

Thr Ser Thr He Gin Ser Leu Ala Glu Ser Thr Leu Gin Leu Arg 
455 460 465 

Tyr His Arg Ser Ser Leu Tyr Cys Ser Asp He Pro Ser He His 
470 475 480 
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Pro lie Ser Glu Pro Lys Asp Cys Tyr Leu Gin Ser Asp Gly Phe 
485 490 495 

Tyr Glu Cys lie Phe Gin Pro lie Phe Leu Leu Ser Gly Tyr Thr 
500 505 510 

5 Met Trp lie Arg lie Asn His Ser Leu Gly Ser Leu Asp Ser Pro 
515 520 525 

Pro Thr Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro 
530 535 540 

Ser Ser Val Lys Ala Glu lie Thr lie Asn lie Gly Leu Leu Lys 
10 545 550 555 

lie Ser Trp Glu Lys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe 
560 565 570 

Gin lie Arg Tyr Gly Leu Ser Gly Lys Glu Val Gin Trp Lys Met 
575 5B0 585 

15 Tyr Glu Val Tyr Asp Ala Lys Ser Lys ser Val Ser Leu Pro Val 
590 595 600 

Pro Asp Leu Cys Ala Val Tyr Ala Val Gin Val Arg Cys Lys Arg 
605 610 615 

Leu Asp Gly Leu Gly Tyr Trp Ser Asn Trp Ser Asn Pro Ala Tyr 
20 620 625 630 

Thr Val Val Met Asp lie Lys Val Pro Met Arg Gly Pro Glu Phe 
635 640 645 

Trp Arg lie He Asn Gly Asp Thr Met Lys Lys Glu Lys Asn Val 
650 655 660 

25 Thr Leu Leu Trp Lys Pro Leu Met Lys Asn Asp Ser Leu Cys Ser 
665 670 675 

Val Gin Arg Tyr Val He Asn His Hia Thr Ser Cys Asn Gly Thr 
680 685 690 

Trp Ser Glu Asp Val Gly Asn His Thr Lys Phe Thr Phe Leu Trp 
30 695 700 705 

Thr Glu Gin Ala His Thr Val Thr Val Leu Ala He Asn Ser He 
710 715 720 

Gly Ala Ser Val Ala Asn Phe Asn Leu Thr Phe Ser Trp Pro Met 
725 730 735 
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Ser Lys Val Asn He Val Gin Ser Leu Ser Ala Tyr Pro Leu Asn 
740 745 750 

Ser Ser Cys Val He Val Ser Trp He Leu Ser Pro Ser Asp Tyr 
755 760 765 

Lys Leu Met Tyr Phe He He Glu Trp Lys Asn Leu Asn Glu Asp 
770 775 780 

Gly Glu He Lys Trp Leu Arg He Ser Ser Ser Val Lys Lys Tyr 
785 790 795 

Tyr He His Asp His Phe He Pro He Glu Lys Tyr Gin Phe Ser 
800 805 810 

Leu Tyr Pro He Phe Met Glu Gly Val Gly Lys Pro Lys He He 
815 820 825 

Asn Ser Phe Thr Gin Asp Asp He Glu Lys His Gin Ser Asp Ala 
830 835 840 

Gly Leu Tyr Val He Val Pro Val He He Ser Ser Ser He Leu 
845 850 855 

Leu Leu Gly Thr Leu Leu He Ser His Gin Arg Met Lys Lys Leu 
860 865 870 

Phe Trp Glu Asp Val Pro Asn Pro Lys Asn Cys Ser Trp Ala Gin 
875 880 885 

Gly Leu Asn Phe Gin Lys Arg Thr Asp He Leu 
890 895 896 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 923 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Met He Cys Gin Lys Phe Cys Val Val Leu Leu His Trp Glu Phe 
15 10 15 

He Tyr Val He Thr Ala Phe Asn Leu Ser Tyr Pro He Thr Pro 
20 25 30 

Trp Arg Phe Lys Leu Ser Cys Met Pro Pro Asn Ser Thr Tyr Asp 
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Tyr Phe Leu Leu Pro Ala Gly Leu Ser Lys Asn Thr Ser Asn Ser 



Asn Gly His Tyr Glu Thr Ala Val Glu Pro Lys Phe Asn Ser Ser 



5 Gly Thr His Phe Ser Asn Leu Ser Lys Thr Thr Phe His Cys Cys 



Phe Arg Ser Glu Gin Asp Arg Asn Cys Ser Leu Cys Ala Asp Asn 
95 100 105 

lie Glu Gly Lys Thr Phe Val Ser Thr Val Asn Ser Leu Val Phe 
10 110 115 120 

Gin Gin He Asp Ala Asn Trp Asn He Gin Cys Trp Leu Lys Gly 
125 130 135 

Asp Leu Lys Leu Phe He Cys Tyr Val Glu Ser Leu Phe Lys Asn 
140 145 150 

15 Leu Phe Arg Asn Tyr Asn Tyr Lys Val His Leu Leu Tyr Val Leu 
155 160 165 

Pro Glu Val Leu Glu Asp Ser Pro Leu Val Pro Gin Lys Gly Ser 
170 175 IBO 

Phe Gin Met Val His Cys Asn Cys Ser Val His Glu Cys cys Glu 
20 185 190 195 

Cys Leu Val Pro Val Pro Thr Ala Lys Leu Asn Asp Thr Leu Leu 
200 205 210 

Met Cys Leu Lys He Thr Ser Gly Gly Val He Phe Gin Ser Pro 
215 220 225 

25 Leu Met Ser Val Gin Pro He Asn Met Val Lys Pro Asp Pro Pro 
230 235 240 

Leu Gly Leu His Met Glu He Thr Asp Asp Gly Asn Leu Lys He 
245 250 255 

Ser Trp Ser Ser Pro Pro Leu Val Pro Phe Pro Leu Gin Tyr Gin 
30 260 265 270 

Val Lys Tyr Ser Glu Asn Ser Thr Thr Val He Arg Glu Ala Asp 
275 280 285 

Lys He Val Ser Ala Thr Ser Leu Leu Val Asp Ser He Leu Pro 
290 295 300 
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Gly Ser Ser Tyr Glu Val Gin Val Arg Gly Lys Arg Leu Asp Gly 
305 310 315 

Pro Gly He Trp Ser Asp Trp Ser Thr Pro Arg Val Phe Thr Thr 
320 325 330 

5 Gin Asp Val He Tyr Phe Pro Pro Lys He Leu Thr Ser Val Gly 
335 340 345 

Ser Asn Val Ser Phe His Cys He Tyr Lys Lys Glu Asn Lys He 
350 355 360 

Val Pro Ser Lys Glu He Val Trp Trp Met Asn Leu Ala Glu Lys 
10 365 370 375 

He Pro Gin Ser Gin Tyr Asp Val Val Ser Asp His Val Ser Lys 
380 385 390 

Val Thr Phe Phe Asn Leu Asn Glu Thr Lys Pro Arg Gly Lys Phe 
395 400 405 

15 Thr Tyr Asp Ala Val Tyr Cys Cys Asn Glu His Glu Cys His His 
410 415 420 

Arg Tyr Ala Glu Leu Tyr Val He Asp Val Asn He Asn He Ser 
425 430 435 

Cys Glu Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg Trp Ser 
20 440 445 450 

Thr Ser Thr He Gin Ser Leu Ala Glu Ser Thr Leu Gin Leu Arg 
455 460 465 

Tyr His Arg Ser Ser Leu Tyr Cys Ser Asp He Pro Ser He His 
470 475 480 

25 Pro He Ser Glu Pro Lys Asp Cys Tyr Leu Gin Ser Asp Gly Phe 
485 490 495 

Tyr Glu Cys He Phe Gin Pro He Phe Leu Leu Ser Gly Tyr Thr 
500 505 510 

Met Trp He Arg He Asn His Ser Leu Gly Ser Leu Asp Ser Pro 
30 515 520 525 

Pro Thr Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro 
530 535 540 

Ser Ser Val Lys Ala Glu He Thr He Asn He Gly Leu Leu Lys 
545 550 555 
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lie Ser Trp Glu L.ys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe 
560 565 570 

Gin lie Arg Tyr Gly Leu Ser Gly Lys Glu Val Gin Trp Lys Met 
575 580 585 

5 Tyr Glu Val Tyr Asp Ala Lys Ser Lys Ser Val Ser Leu Pro Val 
590 595 600 

Pro Asp Leu Cys Ala Val Tyr Ala Val Gin Val Arg Cys Lys Arg 
605 610 615 

Leu Asp Gly Leu Gly Tyr Trp Ser Asn Trp Ser Asn Pro Ala Tyr 
10 620 625 530 

Thr Val Val Met Asp lie Lys Val Pro Met Arg Gly Pro Glu Phe 
635 640 645 

Trp Arg He He Asn Gly Asp Thr Met Lys Lys Glu Lys Asn Val 
€50 655 660 

15 Thr Leu Leu Trp Lys Pro Leu Met Lys Asn Asp Ser Leu Cys Ser 
665 670 675 

Val Gin Arg Tyr Val He Asn His His Thr Ser Cys Asn Gly Thr 
680 685 690 

Trp Ser Glu Asp Val Gly Asn His Thr Lys Phe Thr Phe Leu Trp 
20 695 700 705 

Thr Glu Gin Ala His Thr Val Thr Val Leu Ala He Asn Ser He 
710 715 720 

Gly Ala Ser Val Ala Asn Phe Asn Leu Thr Phe Ser Trp Pro Met 
725 730 735 

25 Ser Lys Val Asn He Val Gin Ser Leu Ser Ala Tyr Pro Leu Asn 
740 745 750 

Ser Ser Cys Val He Val Ser Trp He Leu Ser Pro Ser Asp Tyr 
755 760 765 

Lys Leu Met Tyr Phe He He Glu Trp Lys Asn Leu Asn Glu Asp 
30 770 775 780 

Gly Glu He Lys Trp Leu Arg He Ser Ser Ser Val Lys Lys Tyr 
785 790 795 

Tyr He His Asp His Phe He Pro He Glu Lys Tyr Gin Phe Ser 
800 805 810 
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Leu Tyr Pro lie Phe Met Glu Gly Val Gly Lys Pro Lys He He 
815 820 825 

Asn Ser Phe Thr Gin Asp Asp He Glu Lys His Gin Ser Asp Ala 
830 835 840 

5 Gly Leu Tyr Val He Val Pro Val He He Ser Ser Ser He Leu 
845 850 855 

Leu Leu Gly Thr Leu Leu He Ser His Gin Arg Met Lys Lys Leu 
860 865 870 

Phe Trp Glu Asp Val Pro Asn Pro Lys Asn Cys Ser Trp Ala Gin 
10 875 880 885 

Gly Leu Asn Phe Gin Lys Met Phe Arg Thr Pro Arg He Val Pro 
890 895 900 

Gly His Lys Asp Leu lie Phe Arg Arg Cys Leu Lys Ala Ala Cys 
905 910 915 

15 Ser Leu Arg Val He Thr Thr Pro 
920 923 

(2) INFORMATION FOR SEQ ID NO : 5 : 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3004 base pairs 
20 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GAATTCCGGG TTAAAGCTCT CGTGGCATTA TCCTTCAGTG GGGCTATTGG 50 
25 ACTGACTTTT CTTATGCTGG GATGTGCCTT AGAGGATTAT GGATTTGCCA 100 
GTTCACCCTG ACCATCTTGA AAATAAGTTA TCTCTGATCT CTGTCTGTAT 150 
GTTACTTCTC TCCCCTCACC AATGGAGAAC AAATGTGGGC AAAGTGTACT 200 
TCTCTGAAGT AAGATGATTT GTCAAAAATT CTGTGTGGTT TTGTTACATT 250 
GGGAATTTAT TTATGTGATA ACTGCGTTTA ACTTGTCATA TCCAATTACT 300 
30 CCTTGGAGAT TTAAGTTGTC TTGCATGCCA CCAAATTCAA CCTATGACTA 350 
CTTCCTTTTG CCTGCTGGAC TCTCAAAGAA TACTTCAAAT TCGAATGGAC 400 
ATTATGAGAC AGCTGTTGAA CCTAAGTTTA ATTCAAGTGG TACTCACTTT 450 
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TCTAACTTAT CCAAAACAAC TTTCCACTGT TGCTTTCGGA GTGAGCAAGA 500 

TAGAAACTGC TCCTTATGTG CAGACAACAT TGAAGGAAAG ACATTTGTTT 550 

CNACAGTAAA TTCTTTAGTT TTTCAACAAA TAGATGCAAA CTGGAACATA 60 0 

CAGTGCTGGC TAAAAGGAGA CTTAAAATTA TTCATCTGTT ATGT6GAGTC 650 

5 ATTATTTAAG AATCTATTCA GGAATTATAA CTATAAGGTC CATCTTTTAT 700 

ATGTTCTGCC TGAAGTGTTA GAAGATTCAC CTCTGGTTCC CCAAAAAGGC 750 

AGTTTTCAGA TGGTTCACTG CAATTGCAGT GTTCATGAAT GTTGTGAATG 800 

TCTTGTGCCT GTGCCAACAG CCAAACTCAA CGACACTCTC CTTATGTGTT 850 

TGAAAATCAC ATCTGGTGGA GTAATTTTCC AGTCACCTCT AATGTCAGTT 900 

10 CAGCCCATAA ATATGGTGTIA GCCTGATCCA CCATTAGGTT TGCATATGGA 950 
AATCACAGAT GATGGTAATT TAAAGATTTC TTGGTCCAGC CCACCATTGG 1000 
TACCATTTCC ACTTCAATAT CAAGTGAAAT ATTCAGAGAA TTCTACAACA 1050 
GTTATCAGAG AA6CTGACAA GATTGTCTCA GCTACATCCC TGCTAGTAGA 1100 
CAGTATACTT CCTGGGTCTT CGTATGAGGT TCAGGTGAGG GGCAAGAGAC 1150 

15 TGGATGGCCC AGGAATCTGG AGTGACTGGA GTACTCCTCG TGTCTTTACC 1200 
ACACAAGATG TCATATACTT TCCACCTAAA ATTCTGACAA GTGTTGGGTC 1250 
TAATGTTTCT TTTCACTGCA TCTATAAGAA GGAAAACAAG ATTGTTCCCT 1300 
CAAAAGAGAT TGTTTGGTGG ATGAATTTAG CTGAGAAAAT TCCTCAAAGC 1350 
CAGTATGATG TTQTGAQTGA TCATGTTAGC AAAGTTACTT TTTTCAATCT 1400 

20 GAATGAAACC AAACCTCGAG GAAAGTTTAC CTATGATGCA GTGTACTGCT 1450 
GCAATGAACA TGAATGCCAT CATCGCTATG CTGAATTATA TGTGATTGAT 1500 
GTC/iATATCA ATATCTCATG TGAAACTGAT GGGTACTTAA CTAAAAT6AC 1550 
TTGCAGATGG TCAACCAGTA CAATCCAGTC ACTTGCGGAA AGCACTTTGC 1600 
AATT6AGGTA TCATAGGAGC AGCCTTTACT GTTCTGATAT TCCATCTATT 1650 

25 CATCCCATAT CTGAGCCCAA AGATTGCTAT TTGCAGAGTG ATGGTTTTTA 1700 
TGAATGCATT TTCCAGCCAA TCTTCCTATT ATCTGGCTAC ACAATGTGGA 1750 
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TTAGGATCAA TCACTCTCTA GGTTCACTTG ACTCTCCACC AACATGTGTC 1800 

CTTCCTGATT CTGTGGTGAA GCCACTGCCT CCATCCAGTG TGAAAGCAGA 1850 
AATTACTATA AACATTQQAT TATTGAAAAT ATCTTGGGAA AAGCCAGTCT 1900 
TTCCAGAGAA TAACCTTCAA TTCCAGATTC GCTATGGTTT AAGTGGAAAA 1950 
GAAGTACAAT GGAAGATGTA TGAGGTTTAT GATGCAAAAT CAAAATCTGT 2000 
CAGTCTCCCA GTTCCAGACT TGTGTGCAGT CTATGCTGTT CAGGTGCGCT 2 050 
GTAAGAGGCT AGATGGACTG GGATATTGGA GTAATTGGAG CAATCCAGCC 2100 
TACACAGTTG TCATGGATAT AAAA6TTCCT ATGAGAGGAC CT6AATTTTG 2150 
GAGAATAATT AATGGAGATA CTATGAA?iAA GGAGAAAAAT GTCACTTTAC 220 0 
TTTGGAAGCC CCTGATGAAA AATGACTCAT TGTGCAGTGT TCAGAGATAT 2250 
GTGATAAACC ATCATACTTC CTGCAATGGA ACATGGTCAG AAGATGTGGG 2300 
AAATCACACG AAATTCACTT TCCTGTGGAC AGAGCAAGCA CATACTGTTA 2350 
CGGTTCTGGC CATCAATTCA ATTGGTGCTT CTGTTGCAAA TTTTAATTTA 2400 
ACCTTTTCAT GGCCTATGAG CAAAGTAAAT ATCGTGCAGT CACTCAGTGC 2450 
TTATCCTTTA AACAGCAGTT GTGTGATTGT TTCCTGGATA CTATCACCCA 2500 
GTGATTACAA GCTAATGTAT TTTATTATTG AGTGGAAT^ TCTTAATGAA 2550 
GATGGTGAAA TAAAATGGCT TAGAATCTCT TCATCTGTTA AGAAGTATTA 2600 
TATCCATGAT CATTTTATCC CCATTGAGAA GTACCAGTTC AGTCTTTACC 2650 
CAATATTTAT GGAAGGAGTG QQAAAACCAA AGATAATTAA TAGTTTCACT 2700 
CAAGATGATA TTGAAAAACA CCAGAGTGAT GCAGGTTTAT ATGTAATTGT 2750 
GCCAGTAATT ATTTCCTCTT CCATCTTATT GCTTGGAACA TTATTAATAT 2800 
CACACCAAAG AATGAAAAAG CTATTTTGGG AAGATGTTCC GAACCCCAAG 2850 
AATTGTTCCT GGGCACAAGG ACTTAATTTT CAGAAGAGAA CGGACATTCT 2900 
TTGAAGTCTA ATCATGATCA CTACAGATGA ACCCAATGTG CCAACTTCCC 2950 
AACAGTCTAT AGAGTATTAG AAGATTTTTA CATTTTGAAQ AAGGGCCGGA 3000 
ATTC 3004 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3102 base pairs 

(B) TYPE: Nucleic Acid 

5 (C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

GAATTCTCGA GTCGACGGCG GGCGTTAAAG CTCTCGTGGC ATTATCCTTC 50 

AGTGGGGCTA TTGGACTGAC TTTTCTTATG CTGGGATGTG CCTTAGAGGA 100 

D TTATGGGTGT ACTTCTCTGA AGTAAGATGA TTTGTCAAAA ATTCTGTGTG 150 
GTTTTGTTAC ATTGGQAATT TATTTATGTG ATAACTGCGT TTAACTTGTC 200 
ATATCCAATT ACTCCTTGGA GATTTAAGTT GTCTTGCATG CCACCAAATT 250 
CAACCTATGA CTACTTCCTT TTGCCTGCTG GACTCTCAAA GAATACTTCA 300 
AATTC6AATG GACATTATGA GACAGCTGTT GAACCTAAGT TTAATTCAAG 350 

5 TGGTACTCAC TTTTCTAACT TATCCAAAAC AACTTTCCAC TGTTGCTTTC 400 
GGAGTGAGCA AGATAGAAAC TGCTCCTTAT GTGCAGACAA CATTGAAGGA 450 
AAGACATTTG TTTCAACAGT AAATTCTTTA GTTTTTCAAC AAATAGATGC 500 
AAACTGGAAC ATACAGT6CT GGCTAAAAGG AGACTTAAAA TTATTCATCT 550 
GTTATGTGGA GTCATTATTT AAGAATCTAT TCAGGAATTA TAACTATAAG 600 

0 GTCCATCTTT TATATGTTCT GCCTGAAGTG TTAGAAGATT CACCTCTGGT 650 
TCCCCAAAAA GGCAGTTTTC AGATGGTTCA CTGCAATTGC AGTGTTCATG 700 
AATGTTGTGA ATGTCTTGTG CCTGTGCCAA CAGCCAAACT CAACGACACT 750 
CTCCTTATGT QTTTGAAAAT CACATCTGGT GGAGTAATTT TCCAGTCACC 800 
TCTAATGTCA GTTCAGCCCA TAAATATGGT GAAGCCTGAT CCACCATTAG 850 

5 GTTTGCATAT GGAAATCACA GATGATGGTA ATTTAAAGAT TTCTTGGTCC 900 
AQCCCACCAT TGGTACCATT TCCACTTCAA TATCAAGTGA AATATTCAGA 950 
GAATTCTACA ACAGTTATCA GAGAAGCTGA CAAGATTGTC TCAGCTACAT 1000 
CCCTGCTAGT AGACAGTATA CTTCCTGGGT CTTCGTATGA GGTTCAGGTG 1050 
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AGGGGCAAGA GACTGGATGG CCCAGGAATC TGGAGTGACT QGAGTACTCC 1100 

TCGTGTCTTT ACCACACAAG ATGTCATATA CTTTCCACCT AAAATTCTGA 1150 
CAAGTGTTGG GTCTAATGTT TCTTTTCACT GCATCTATAA GAAGGAAAAC 1200 
AA6ATTGTTC CCTCAAAAGA GATTGTTTGG TGGATGAATT TAGCTGAGAA 12 50 
AATTCCTCAA AGCCAGTATG ATGTTGTGAG TGATCATGTT AGCAAAGTTA 13 00 
CTTTTTTCAA TCT6AAT6AA ACCAAACCTC GAGGAAAGTT TACCTATGAT 135 0 
GCAGTGTACT GCTGCAATGA ACATGAATGC CATCATCGCT ATGCTGAATT 1400 
ATATGTGATT GATGTCAATA TCAATATCTC ATGTGAAACT GATGQGTACT 1450 
TAACTAAAAT GACTTGCAGA TGGTCAACCA GTACAATCCA GTCACTTGCG 1500 
GAAAGCACTT TGCAATTGAG GTATCATAGG AGCAGCCTTT ACTGTTCTGA 1550 
TATTCCATCT ATTCATCCCA TATCTGAGCC CAAAGATTGC TATTTGCAGA 1600 
GTGATGGTTT TTATGAATGC ATTTTCCAGC CAATCTTCCT ATTATCTGGC 1S50 
TACACAATGT GGATTAGGAT CAATCACTCT CTAGGTTCAC TTGACTCTCC 1700 
ACCAACATGT GTCCTTCCTG ATTCT6TGGT GAAGCCACTG CCTCCATCCA 1750 
GTGTGAAAGC AGAAATTACT ATAAACATTG GATTATTGAA AATATCTTGG 1800 
GAAAAGCCAG TCTTTCCAGA GAATAACCTT CAATTCCAGA TTCGCTATGG 1850 
TTTAAGTGGA AAAGAAGTAC AATGGAAGAT GTATGAGGTT TATGATGCAA 1900 
AATCAAAATC TGTCAGTCTC CCAGTTCCAG ACTTGTGTGC AGTCTATGCT 1950 
GTTCAGGTGC GCTGTAAGAG GCTAGATGGA CTGGGATATT GGAGTAATTG 2000 
GAGCAATCCA GCCTACACAG TTGTCATGGA TATAAAAGTT CCTATGAGAG 2050 
GACCTGAATT TTGGAGAATA ATTAATGGAG ATACTATGAA AAAGGAGAAA 2100 
AATGTCACTT TACTTTGGAA GCCCCTGATG AAAAATGACT CATTGTGCAG 2150 
TGTTCAGAGA TATGTGATAA ACCATCATAC TTCCTGCAAT GGAACATGGT 2200 
CAGAAGATGT GGGAAATCAC ACGAAATTCA CTTTCCTGTG GACAGAGCAA 2250 
GCACATACTG TTACGGTTCT GGCCATCAAT TCAATTGGTG CTTCTGTTGC 2300 
AAATTTTAAT TTAACCTTTT CATGGCCTAT GAGCAAAGTA AATATCGTGC 2350 



wo 97/25425 PCTAJS97/00325 

AGTCACTCAG TGCTTATCCT TTAAACAGCA GTTGTGTGAT TGTTTCCTGG 24 00 

ATACTATCAC CCAGTGATTA CAAGCTAATG TATTTTATTA TTGAGTGGAA 2450 
AAATCTTAAT GAAGATGGTG AAATAAAATG GCTTAGAATC TCTTCATCTG 2 500 
TTAAGAAGTA TTATATCCAT GATCATTTTA TCCCCATTGA GAAGTACCAG 2 550 

5 TTCAGTCTTT ACCCAATATT TATGGAAGGA GTGGGAAAAC CAAAGATAAT 2600 
TAATAGTTTC ACTCAAGATG ATATTGAAAA ACACCAGAGT GATGCAGGTT 26 50 
TATATGTAAT TGTGCCAGTA ATTATTTCCT CTTCCATCTT ATTGCTTGGA 2 700 
ACATTATTAA TATCACACCA AAGAATGAAA AAGCTATTTT GGGAAGATGT 2750 
TCCGAACCCC AAOAATTGTT CCTGGGCACA AGGACTTAAT TTTCAGAAGA 28 00 

0 TGTTCCGAAC CCCAAGAATT GTTCCTGGGC ACAAGGACTT AATTTTCAGA 2850 
AGATGCTTGA AGGCAGCATG TTCGTTAAGA GTCATCACCA CTCCCTAATC 2900 
TCAAGTACCC AGGGACACAA ACACT6CGGA AGGCCACAGG GTCCTCTGCA 2 950 
TAGGAAAACC AGAGACCTTT GTTCACTTGT TTATCTGCTG ACCCTCCCTC 3000 
CACTATTGTC CTATGACCCT GCCAAATCCC CCTCTGTGAG AAACACCCAA 3050 

5 GAATGATCAA TAAAAAAAAA AAAAAAAAAA AAAAAAGTCG ACTCGAGAAT 3100 
TC 3102 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 783 amino acids 
:0 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Met Cys Gin Lys Phe Tyr Val Val Leu Leu His Trp Glu Phe 
15 10 15 

15 Leu Tyr Val lie Ala Ala Leu Asn Leu Ala Tyr Pro lie Ser Pro 
20 25 30 

Trp Lys Phe Lys Leu Phe Cys Gly Pro Pro Asn Thr Thr Asp Asp 
35 40 45 

Ser Phe Leu Ser Pro Ala Gly Ala Pro Asn Asn Ala Ser Ala Leu 
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Lys Gly Ala Ser Glu Ala lie Val Glu Ala Lys Phe Asn Ser Ser 



Gly lie Tyr Val Pro Glu Leu Ser Lys Thr Val Phe His Cys Cys 



Phe Gly Asn Glu Gin Gly Gin Asn Cys Ser Ala Leu Thr Asp Asn 
95 100 105 

Thr Glu Gly Lys Thr Leu Ala Ser Val Val Lys Ala Ser Val Phe 
110 115 120 

Arg Gin Leu Gly Val Asn Trp Asp lie Glu Cys Trp Met Lys Gly 
125 130 135 

Asp Leu Thr Leu Phe He Cys His Met Glu Pro Leu Pro Lys Asn 
140 145 150 

Pro Phe Lys Asn Tyr Asp Ser Lys Val His Leu Leu Tyr Asp Leu 
155 160 165 

Pro Glu Val He Asp Asp Ser Pro Leu Pro Pro Leu Lys Asp Ser 
170 175 180 

Phe Gin Thr Val Gin Cys Asn Cys Ser Leu Arg Gly Cys Glu Cys 
185 190 195 

His Val Pro Val Pro Arg Ala Lys Leu Asn Tyr Ala Leu Leu Met 
200 205 210 

Tyr Leu Glu He Thr Ser Ala Gly Val Ser Phe Gin Ser Pro Leu 
215 220 225 

Met Ser Leu Gin Pro Met Leu Val Val Lys Pro Asp Pro Pro Leu 
230 235 240 

Gly Leu His Met Glu Val Thr Asp Asp Gly Asn Leu Lys He Ser 
245 250 255 

Trp Asp Ser Gin Thr Met Ala Pro Phe Pro Leu Gin Tyr Gin Val 
260 265 270 

Lys Tyr Leu Glu Asn Ser Thr He Val Arg Glu Ala Ala Glu He 
275 280 285 

Val Ser Ala Thr Ser Leu Leu Val Asp Ser Val Leu Pro Gly Ser 
290 295 300 

Ser Tyr Glu Val Gin Val Arg Ser Lys Arg Leu Asp Gly Ser Gly 
305 310 315 
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Val Trp Ser Asp Trp Ser Ser Pro Gin Val Phe Thr Thr Gin Asp 
320 325 330' 

Val Val Tyr Phe Pro Pro Lys lie Leu Thr Ser Val Gly Ser Asn 
335 340 345 

5 Ala Ser Phe His Cys lie Tyr Lys Asn Glu Asn Gin lie Val Ser 
350 355 360 

Ser Lys Gin lie Val Trp Trp Arg Asn Leu Ala Glu Lys lie Pro 

365 370 375 

Glu lie Gin Tyr Ser lie Val Ser Asp Arg Val Ser Lys Val Thr 
10 380 385 390 

Phe Ser Asn Leu Lys Ala Thr Arg Pro Arg Gly Lys Phe Thr Tyr 
395 400 405 

Asp Ala Val Tyr Cys Cys Asn Qlu Gin Ala Cys His His Arg Tyr 
410 415 420 

15 Ala Glu Leu Tyr Val lie Asp Val Asn He Asn He Ser Cys Glu 
425 430 435 

Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg Trp Ser Pro Ser 
440 445 450 

Thr He Gin Ser Leu Val Gly Ser Thr Val Gin Leu Arg Tyr His 
20 455 460 465 

Arg Cys Ser Leu Tyr Cys Pro Asp Ser Pro Ser He His Pro Thr 
470 475 480 

Ser Glu Pro Lys Thr Ala Ser Tyr Arg Glu Thr Ala Phe Met Asn 
485 490 495 

25 Val Phe Ser Ser Gin Ser Phe Tyr Tyr Leu Ala He Gin Cys Gly 
500 505 510 

Phe Arg He Asn His Ser Leu Gly Ser Leu Asp Ser Pro Pro Thr 
515 520 525 

Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro Ser Asn 
30 530 535 540 

Val Lys Ala Glu He Thr Val Asn Thr Qly Leu Leu Lys Val Ser 
545 550 555 

Trp Glu Lys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe Gin He 
560 565 570 
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Arg Tyr Gly Leu Ser Gly Lys Glu lie Gin Trp Lys Thr His Glu 
575 580 565 

Val Phe Asp Ala Lys Ser Lys Ser Ala Ser Leu Leu Val Ser Asp 
590 595 600 

Leu Cys Ala Val Tyr Val Val Gin Val Arg Cys Arg Arg Leu Asp 
605 610 615 

Gly Leu Gly Tyr Trp Ser Asn Trp Ser Ser Pro Ala Tyr Thr Leu 
620 625 630 

Val Met Asp Val Lys Val Pro Met Arg Gly Pro Glu Phe Trp Arg 
635 640 645 

Lys Met Asp Gly Asp Val Thr Lys Lys Glu Arg Asn Val Thr Leu 
650 655 660 

Leu Trp Lys Pro Leu Thr Lys Asn Asp Ser Leu Cys Ser Val Arg 
665 670 675 

Arg Tyr Val Val Lys His Arg Thr Ala His Asn Gly Thr Trp Ser 
680 685 690 

Glu Asp Val Gly Asn Arg Thr Asn Leu Thr Phe Leu Trp Thr Glu 
695 700 705 

Pro Ala His Thr Val Thr Val Leu Ala Val Asn Ser Leu Gly Ala 
710 715 720 

Ser Leu Val Asn Phe Asn Leu Thr Phe Ser Trp Pro Met Ser Lys 
725 730 735 

Val Ser Ala Val Glu Ser Leu Ser Ala Tyr Pro Leu Ser Ser Ser 
740 745 750 

Cys Val He Leu Ser Trp Thr Leu Ser Pro Asp Asp Tyr Ser Leu 
755 760 765 

Leu Tyr Leu Val He Glu Trp Lys He Leu Asn Glu Asp Asp Gly 
770 775 780 

Met Lys Trp 
783 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2868 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
CD) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GGGCCCCCCC TCGAAGTCGA CGGTATCGAT AAGCTTGATA TCGAATTCCG 50 
GCCGGGACAC AGGTGGGACA CTCTTTTAGT CCTCAATCCC TGGCGCGAGG 100 
CCACCCAAGG CAACGCAGGA CGCAGGGCGT TTGGGGACCA GGCAGCAGAC 150 
5 TGGGGCGGTA CCTGCGGA6A GCCACOCAAC TTCTCCAGGC CTCTGACTAC 200 
TTTGGAAACT GCCCGGGGCT GCGACATCAA CCCCTTAAGT CCCGGAGGCG 250 
GAAAGAGGGT GGGTTGGTTT GAAAGACACA AGGAAGAAAA ATGTGCTGTG 300 
GGGC6GGTTA AGTTTCCCAC CCTCTTCCCC CTTCCOSAGC AAATTAGAAA 350 
CAAAACAAAT AGAAAAGCCA GCCCTCCGGC CAACCAAAGC CCCT^GCGGA 400 

10 GCCCCAAGCG GAGCCCCAGC CGGAGCACTC CTTTAAAAGG ATTTGCAGCG 450 
GTGAGGAAAA AACCAGACCC GACCGAGGAA TCGTTCTGCA AATCCAGGTG 500 
TACACCTCTG AAGAAAGATG ATGTGTCAGA AATTCTATGT GGTTTTGTTA 550 
CACTGGGAAT TTCTTTATGT GATAGCTGCA CTTAACCTGG CATATCCAAT 600 
CTCTCCCT6G AAATTTAAGT TGTTTTGTGG ACCACCGAAC ACAACCGATG 650 

15 ACTCCTTTCT CTCACCTGCT GGAGCCCCAA ACAATGCCTC GGCTTTGAAG 7 00 
GGGGCTTCTG AAGCAATTGT TGAAGCTAAA TTTAATTCAA GTGGTATCTA 750 
CGTTCCTGAG TTATCCAAAA CAGTCTTCCA CTGTTGCTTT GOGAATGAGC 800 
AAGGTCAAAA CTGCTCTGCA CTCACAGACA ACACTGAAGG GAAGACACTG 850 
GCTTCAGTAG TGAAGGCTTC AGTTTTTCGC CAGCTAGGTG TAAACTGGGA 900 

20 CATAGAGTGC TGGATGAAAG GGGACTTGAC ATTATTCATC TGTCATATGG 950 
AGCCATTACC TAAGAACCCC TTCAAGAATT ATGACTCTAA GGTCCATCTT 1000 
TTATATGATC TGCCTGAAGT CATAGATGAT TCGCCTCTGC CCCCACTGAA 1050 
AGAC7«5CTTT CAGACTGTCC AATGCAACTG CAGTCTTCGG GGATGTGAAT 1100 
QTCATGTGCC AGTACCCAGA GCCAAACTCA ACTACGCTCT TCTGATGTAT 1150 

25 TTGGAAATCA CATCTGCCGG TGTGAGTTTT CAGTCACCTC TGATGTCACT 1200 
GCAGCCCATG CTTGTTGTGA AACCCGATCC ACCCTTAGGT TTGCATATGG 1250 
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AAGTCACAGA TGATC3GTAAT TTAAAGATTT CTTGGGACAG CCAAACAATG 1300 

GCACCATTTC CGCTTCAATA TCAGGTGAAA TATTTAGAGA ATTCTACAAT 13S0 
TGTAAGAGAG GCTGCTGAAA TTGTCTCAGC TACATCTCTG CTGGTAGACA 1400 
GTGTGCTTCC TGGATCTTCA TATGAGGTCC AGGTGAGGAG CAAGAGACTG 1450 
GATG6TTCAG GAGTCTGGAG TGACTGGAGT TCACCTCAAG TCTTTACCAC 1500 
ACAAGATGTT GTGTATTTTC CACCCAAAAT TCTGACTAGT GTTGGATCGA 1550 
ATGCTTCCTT TCATTGCATC TACAAAAACG AAAACCAGAT TGTCTCCTCA 1600 
AAACAGATAG TTTGGTGGAG GAATCTAGCT GAGAAAATCC CTGAGATACA 1650 
GTACAGCATT GTGAGTGACC GAGTTAGCAA AGTTACCTTC TCCAACCTGA 17 0 0 
AAGCCACCAG ACCTCGAGGG AAGTTTACCT ATGACGCAGT GTACTGCTGC 1750 
AATGAGCAGG CGTGCCATCA CCGCTATGCT GAATTATACG TGATCGATGT 1800 
CAA.TATCAAT ATATCATGTG AAACTGACGG GTACTTAACT AAAATGACTT 18 50 
GCAGATGGTC ACCCAGCACA ATCCAATCAC TAGTGGGAAG CACTGTGCAG 1900 
CTGAGGTATC ACAGGTGCAG CCTGTATTGT CCTGATAGTC CATCTATTCA 1950 
TCCTACGTCT GAGCCCAAAA CTGCGTCTTA CAGAGAGACG GCTTTTATGA 2 000 
ATGTGTTTTC CAGCCAATCT TTCTATTATC TGGCTATACA ATGTGGATTC 2050 
AGGATCAACC ATTCTTTAGG TTCACTTGAC TCGCCACCAA CGTGTGTCCT 2100 
TCCTGACTCC GTAGTAAAAC CACTACCTCC ATCTAACGTA AAAGCAGAGA 2150 
TTACTGTAAA CACTGGATTA TTGAAAGTAT CTTGGGAAAA GCCAGTCTTT 2200 
CCGGAOAATA ACCTTCAATT CCAGATTCGA TATGGCTTAA GTGGAAAAGA 2250 
AATACAATGG AAGACACATG AGGTATTCGA TGCAAAGTCA AAGTCTGCCA 2300 
GCCTGCTGGT GTCAGACCTC TGTGCAGTCT ATGTGGTCCA GGTTCGCTGC 2350 
CGGCGGTTGG ATGGACTAGG ATATTGGAGT AATTGGAGCA GTCCAGCCTA 2400 
TACGCTTGTC ATGGATGTAA AAGTTCCTAT GAGAGGGCCT GAATTTTGGA 2450 
GAAAAATGGA TGGGGACGTT ACTAAAAAGQ AOAGAAATGT CACCTTGCTT 2500 
TGGAAGCCCC TGACGAAAAA TGACTCACTG TGTAGTGTGA GGAGGTACGT 2550 
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GGTGAAGCAT CGTACTGCCC ACAATGGGAC GTGGTCAGAA GATGTGGGAA 2600 



ATCGGACCAA TCTCACTTTC CTGTGGACAG AACCAGCGCA CACTGTTACA 2650 

GTTCTGGCTG TCAATTCCCT CGGCGCTTCC CTTGTGAATT TTAA.CCTTAC 2700 

CTTCTCATGG CCCATGAGTA AAGTGAGTGC TGTGGAGTCA CTCAGTGCTT 2750 

5 ATCCCCTGAG CAGCAGCTGT GTCATCCTTT CCTGGACACT GTCACCTGAT 2800 

GATTATAGTC TGTTATATCT GGTTATTGAA TGGAAGATCC TTAATGAAGA 2850 

TGATGGAATG AAGTGGCT 2868 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 
(C} STRANDEDNESS : Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

15 GGGTTAAGTT TCCCACCC 18 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 



20 



<A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



GGGTGGGAAA CTTAACCC 18 



(2) INFORMATION FOR SEQ ID NO: 11: 



25 



Ci) 



SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IB base pairs 

(B) TYPE: Nucleic Acid 



(C) STRANDEDNESS: Single 
(D> TOPOLOGY: Linear 



30 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



AGGATACAGT GGGATCCC 18 



(2) INFORMATION FOR SEQ ID NO: 12: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
5 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GCCCGAGCAC TCCTTTAA IB 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRRNDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
15 TTAAAGGAGT GCTCCCGC 18 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 
20 (C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GAGCGGCCCT GTTAGATA 18 

(2) INFORMATION FOR SEQ ID NO: 15: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GTATACACCT CTGAAGAA 18 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
35 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1G: 

TTCTTCAGAG GTGTACAC 18 

(2) INFORMATION FOR SEQ ID NO: 17: 

5 (i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

ATGCGAGGCT ACTTCTAT 18 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
15 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CTCTCCCTGG AAATTTAA 18 
20 (2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
25 <D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TTAAATTTCC AGGGAGAG 18 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
5 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 21: 
AATTTAATTC AAGTGGTA 18 
10 (2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
15 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

TACCAGTTGA ATTAAATT 18 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 
25 GTATCACTTC ATAATATA 18 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 
30 (C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
GATGGTCAGG GTGAACTG 18 
{2> INFORMATION FOR SEQ ID NO: 25: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 



5 



(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
CAGTTCACCC TGACCATC 18 

(2) INFORMATION FOR SEQ ID N0:2G: 
(i) SEQUENCE CHARACTERISTICS: 



(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
15 GAGGCGAATG TGCGGATT IB 

(2) INFORMATION FOR SEQ ID NO: 27: 
(i) SEQUENCE CHARACTERISTICS: 



(D) TOPOLOGY: Linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
CTTAAATCTC CAAGGAGT 18 
(2) INFORMATION FOR SEQ ID NO: 28: 



10 



(A) LENGTH: 18 base paii 



20 



(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 



25 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 



(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 



ACTCCTTGGA GATTTAAG 18 



(2) INFORMATION FOR SEQ ID NO: 29: 



35 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 



(C) STRANDEDNESS: Single 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
AAGTCTTAAG CCAGACTT 18 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:30: 

TCTAAGGCAC ATCCCAGC 18 
(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
GCTGGGATGT GCCTTAGA 18 
(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

CGCAATGAAT TGACCCCC 18 
(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
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(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
5 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
GTGTACTTCT CTGAAGTA 18 
10 (2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
15 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

GAATCACGGT AACTATCA IB 

(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 
25 CAGCTGTCTC ATAATGTC 18 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 
30 (C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 37: 
GACATTATGA GACAGCTG 18 
(2) INFORMATION FOR SEQ ID NO: 38: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 
TTCGTCAAGC CATCTGAT 18 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

His Gin Asn Leu Ser Asp Gly Lys 
1 5 8 

(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

His Gin Asn lie Ser Asp Gly Lys 
1 5 8 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 7 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

His Gin Ser Leu Gly Thr Gin 

1 5 7 

(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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Val lie Ser Ser His Leu Gly Gin 
1 5 8 



(2) INFORMATION FOR SEQ ID NO: 43: 



5 



(i) 



SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 11 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

10 Pro Lys Asn Ser Ser Met lie Ser Asn Thr Pro 
1 5 10 11 

(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 10 amino acids 
15 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

Asp Lys Thr His Thr Cys Pro Pro Cys Pro 
15 10 

20 (2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: Nucleic Acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 
GTCAGTCTCC CAGTTCCAGA CTTGTGTGCA GTCTATGCTG TTCAGGTGCG 50 



25 



(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 



C 51 



(2) INFORMATION FOR SEQ ID NO: 46: 



30 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7127 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

TTCGAGCTCG CCCGACATTG ATTATTGACT AGTTATTAAT AGTAATCAAT 50 

TACGGGGTCA TTAGTTCATA GCCCATATAT GGAGTTCCGC GTTACATAAC 100 

TTACGGTAAA TGGCCC6CCT GGCTGACCGC CCAACGACCC CCGCCCATTG 150 

5 ACGTCAATAA TGACGTATGT TCCCATAGTA ACGCCAATAG GGACTTTCCA 200 

TTGACGTCAA TGGGTGGAGT ATTTACGGTA AACTGCCCAC TTGGCAGTAC 250 

ATCAAGTGTA TCATATGCCA AGTACGCCCC CTATTGACGT CAATGACGGT 300 

AAATGGCCCG CCTGGCATTA TGCCCAGTAC ATGACCTTAT GGGACTTTCC 350 

TACTTGGCAG TACATCTACG TATTAGTCAT CGCTATTACC ATGGTGATGC 4 00 

10 GGTTTTGGCA GTACATCAAT GGGCGTGGAT AGCGGTTTGA CTCACGGGGA 45 0 

TTTCCAAGTC TCCACCCCAT TGACGTCAAT GGGAGTTTGT TTTGGCACCA 500 

AAATCAACGG GACTTTCCAA AATGTCGTAA CAACTCCGCC CCATTGACGC 550 

AAATGGGCGG TAGGCGTGTA CGGTGGGAGG TCTATATAAG CAGAGCTCGT 600 

TTAGTGAACC GTCAGATCGC CTGGAGACGC CATCCACGCT GTTTTGACCT 650 

15 CCATAGAAGA CACCGGGACC GATCCAGCCT CCQCGGCCGG GAACGGTGCA 700 

TTGGAACGCG GATTCCCCGT GCCAAOAGTG ACGTAAGTAC CGCCTATAGA 750 

GTCTATAGGC CCACCCCCTT GGCTTCGTTA GAACGCGGCT ACAATTAATA 800 

CATAACCTTA TGTATCATAC ACATACGATT TAGGTGACAC TATAGAATAA 850 

CATCCACTTT GCCTTTCTCT CCACAGGTGT CCACTCCCAG GTCCAACTGC 900 

20 ACCTCGGTTC TATCGATATG CATTGGGGAA CCCTGTGCGG ATTCTTGTGG 950 

CTTTGGCCCT ATCTTTTCTA TGTCCAAGCT GTGCCCATCC AAAAAGTCCA 1000 

AGATGACACC AAAACCCTCA TCAAGACAAT TGTCACCAGG ATCAATGACA 1050 

TTTCACACAC GCAGTCAGTC TCCTCCAAAC AGAAAGTCAC CGGTTTGGAC 1100 

TTCATTCCTG GGCTCCACCC CATCCTGACC TTATCCAAGA TGGACCAGAC 1150 

25 ACTGGCAGTC TACCAACAGA TCCTCACCAG TATGCCTTCC AGAAACGT6A 1200 

TCCAAATATC CAACX3ACCTG GAGAACCTCC GGGATCTTCT TCACGTGCTG 1250 



GCCTTCTCTA AGAGCTGCCA CTTGCCCTGG GCCAGTGGCC TGGAGACCTT 1300 

GGACAGCCTG GGGGGTGTCC TGGAAGCTTC AGGCTACTCC ACAGAGGTGG 1350 

TGGCCCTGAG CAGGCTGCAG GGGTCTCTGC AGGACATGCT GTGGCAGCTG 14 00 

GACCTCAGCC CTGGGTGCGG GGTCACCGAC AAAACTCACA CATGCCCACC X450 

5 GTGCCCAGCA CCTGAACTCC TGGGGGGACC GTCAGTCTTC CTCTTCCCCC 1500 

CAAAACCCAA GGACACCCTC ATGATCTCCC GGACCCCTGA GGTCACATGC 155 0 

GTGGTGGTGG ACGTGAGCCA CGAAGACCCT GAGGTCAAGT TCAACTGGTA 1600 

CGTGGACGGC GTGGAGGTGC ATAATGCCAA GACAAAGCCG CGGGAGGAGC 1650 

AGTACAACAG CACGTACC6T GTGGTCAGCG TCCTCACCGT CCTGCACCAG 1700 

10 GACTGGCTGA ATQGCAAGGA GTACAAGTGC AAGGTCTCCA ACAAAGCCCT 1750 

CCCAGCCCCC ATCGAGAAAA CCATCTCCAA AGCCAAAGGG CAGCCCCGAG 1800 

AACCACAGGT GTACACCCTG CCCCCATCCC GGGAAGAGAT GACCAAGAAC 1850 

CAGGTCAGCC TGACCTGCCT GGTCAAAGGC TTCTATCCCA GCGACATCGC 1900 

CGTGGAGTGG GAGAGCAATG GGCAGCCGGA GAACAACTAC AAGACCACGC 1950 

15 CTCCCGTGCT GGACTCCGAC GGCTCCTTCT TCCTCTACAG CAAGCTCACC 2000 

GTGGACAAGA GCAGGTGGCA GCAGGGGAAC GTCTTCTCAT GCTCCGTGAT 2050 

GCATGAGGCT CTQCACAACC ACTACACGCA GAAGAGCCTC TCCCTGTCTC 2100 

CGGGTAAATG AGTGCGACGG CCCTAGAGTC GACCTGCAGA AGCTTCTAGA 2150 

GTCGACCTGC AGAAGCTTGG CCGCCATGGC CCAACTTGTT TATTGCAGCT 2200 

20 TATAATGGTT ACAAATAAAG CAATAGCATC ACAAATTTCA CAAATAAAGC 2250 

ATTTTTTTCA CTGCATTCTA GTTGTGGTTT 6TCCAAACTC ATCAATGTAT 2300 

CTTATCATGT CTGGATCGAT CX3GGAATTAA TTCGGCGCAG CACCATGGCC 2350 
TGAAATAACC TCTGAAAGAG GAACTTGGTT AG6TACCTTC TGAGGCGGAA 2400 

AGAACCAGCT GTGGAATGTG TGTCAGTTAG GGTGTQQAAA GTCCCCAGGC 2450 

25 TCCCCAGCAG GCAGAAQTAT GCAAAGCATG CATCTCAATT AGTCAGCAAC 2500 
CAGGTGTGGA AAGTCCCCAG GCTCCCCAGC AGGCAGAAGT ATGCAAAGCA 2550 



TGCATCTCAA TTAGTCAGCA ACCATAGTCC CGCCCCTAAC TCCGCCCATC 2600 
CCGCCCCTAA CTCCGCCCAG TTCCGCCCAT TCTCCGCCCC ATGGCTGACT 2650 
AATTTTTTTT ATTTATGCAG AGGCCGAGGC CGCCTCGGCC TCTGAGCTAT 2 7 00 
TCCAGAAGTA 6TGAGGAGGC TTTTTTGGAG GCCTAGGCTT TTGCAAAAAG 275 0 
5 CT6TTAATTC GAACACGCAG ATGCAGTCGG GGCGGCGCGG TCCCAGGTCC 2800 
ACTTCGCATA TTAAGGTGAC GCGTGTGGCC TCGAACACCG AGCGACCCTG 2850 
CAGCGACCCG CTTAACAGCG TCAACAGCGT GCCGCAGATC TGATCAAGAG 2900 
ACAGGATGAG GATCGTTTCG CATGATTGAA CAAGATGGAT TGCACGCAGG 2950 
TTCTCCGGCC GCTTGGGTGG AGAGGCTATT CGGCTATGAC TGGGCACAAC 3 000 
10 AGACAATCGG CTGCTCTGAT GCCGCCGTGT TCCGGCTGTC AGCGCAGGGG 3050 
CGCCCGGTTC TTTTTGTCAA GACCGACCTG TCCGGTGCCC TGAATGAACT 3100 
GCAGGACGAG GCAGCGCGGC TATCGTGGCT GGCCACGACG GGCGTTCCTT 315 0 
GCGCAGCTGT GCTCGACGTT GTCACTGAAG CGGGAAGGGA CTGGCTGCTA 3200 
TTGGGCGAAG TGCCGGGGCA GGATCTCCTG TCATCTCACC TTGCTCCTGC 3250 
15 CGAGAAAGTA TCCATCATGG CTGATGCAAT GCGGCGGCTG CATACGCTTG 3300 
ATCCGGCTAC CTGCCCATTC GACCACCAAG CGAAACATCG CATCGAGCGA 3350 
GCACGTACTC GGATGGAAGC CGGTCTTGTC GATCAGGATG ATCTGCSACGA 3400 
AGAGCATCAG GGGCTCGCGC CAGCCGAACT GTTCGCCAGG CTCAAGGCGC 3450 
GCATGCCCGA CGGCGAGGAT CTCGTCGTGA CCCATGGCGA TGCCTGCTTG 3500 
20 CCGAATATCA TQGTGGAAAA TGGCCGCTTT TCTGGATTCA TCGACTGTGG 3550 
CCGGCTGGGT GTGGCGGACC GCTATCAGGA CATAGCGTTG GCTACCCGTG 3600 
ATATTGCTGA AGAGCTTGGC GGCGAATGGG CTGACCGCTT CCTCGTGCTT 3650 
TACGGTATCG CCGCTCCCGA TTCOCAGCGC ATCGCCTTCT ATCGCCTTCT 3700 
TGACGAGTTC TTCTGAGCGG GACTCTGGGG TTCGAAATGA CCGACCAAGC 3750 
25 GACGCCCAAC CTGCCATCAC GAGATTTOGA TTCCACCGCC GCCTTCTATG 3800 
AAAGGTTGGG CTTCGGAATC GTTTTCCGGG ACGCCGGCTG GATGATCCTC 3850 
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CAGCGCGGGG ATCTCATGCT GGAGTTCTTC GCCCACCCCG GGAGATGGGG 3 900 

GAGGCTAACT GAAACACGGA AGGAGACAAT ACCGGAAGGA ACCCGCGCTA 3950 

TGACGGCAAT AAAAAGACAG AATAAAACGC ACGGGTGTTG GGTCGTTTGT 4 000 

TCATAAACGC GGGGTTCGGT CCCAGGGCTG GCACTCTGTC GATACCCCAC 4050 

5 CGAGACCCCA TTGGGGCCAA TACGCCCGCG TTTCTTCCTT TTCCCCACCC 4100 

CAACCCCCAA GTTCGGGTGA AGGCCCAG6G CTCGCAGCCA ACGTCGGGGC 4150 

GGCAAGCCCG CCATAGCCAC GGGCCCCGTG GGTTAGGGAC GGGGTCCCCC 4200 

ATGGGGAATG GTTTATGGTT CGTGGGGGTT ATTCTTTTGG GCGTTGCGTG 4250 

QGGTCAGGTC CACGACTGGA CTGAGCAGAC AGACCCATGG TTTTTGGATG 4300 

10 GCCTGGGCAT GGACCGCATG TACTGGCGCG ACACGAACAC CGGGCGTCTG 4350 
TGGCTGCCAA ACACCCCCGA CCCCCAAAAA CCACCGCGCG GATTTCTGGC 4400 
GCCGCCGQAC GAACTAAACC TGACTACGGC ATCTCTGCCC CTTCTTCGCT 44 50 
GGTACGAGGA GCGCTTTTGT TTTGTATTGG TCACCACGGC CGAGTTTCCG 4500 
CGGGACCCCG GCCAGGGCAC CTGTCCTACG AGTTGCATGA TAAAGAAGAC 4550 

15 AGTCATAAGT GCGGCGACGA TAGTCATGCC CCGCX5CCCAC CGGAAGGAGC 4600 
TGACTGGGTT GAAGGCTCTC AAGGGCATCG GTCGAGCGGC CGCATCAAAG 4650 
CAACCATAGT ACGCGCCCTG TAGCGGCGCA TTAAGCGCG6 CGGGTGTGGT 4700 
GGTTACGCGC AGCGTGACCG CTACACTTGC CAGCGCCCTA GCGCCCGCTC 4750 
CTTTCGCTTT CTTCCCTTCC TTTCTCGCCA CGTTCGCCGG CTTTCCCCGT 4800 

20 CAAGCTCTAA ATCGGGGGCT CCCTTTAGGG TTCCGATTTA GTGCTTTACG 4850 
GCACCTCGAC CCCAAAAAAC TTGATTTGGG TGATGGTTCA CGTAGTGGGC 4900 
CATCGCCCTG ATAGACGGTT TTTCGCCCTT TGACGTTGGA GTCCACGTTC 4950 
TTTAATAGTG GACTCTTGTT CCAAACTGGA ACAACACTCA ACCCTATCTC 5000 
GGGCTATTCT TTTGATTTAT AAGGGATTTT GCCGATTTCG GCCTATTGGT 5050 

25 TAAAAAATGA GCTGATTTAA CAAAAATTTA ACGOSAATTT TAACAAAATA 5100 
TTAACGTTTA CAATTTTATG GTGCAGGCCT CGTGATACGC CTATTTTTAT 5150 
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AGGTTAATGT CATGATAATA ATGGTTTCTT AGACGTCAGG TGGCACTTTT 5200 

CGGGGAAATG TGCGCGGAAC CCCTATTTGT TTATTTTTCT AAATACATTC 5250 
AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG CTTCAATAAT 53 00 
ATTGAAAAAG GAAGA6TATG AGTATTCAAC ATTTCCGTGT CGCCCTTATT 5350 
CCCTTTTTTG CGGCATTTTG CCTTCCTGTT TTTGCTCACC CAGAAACGCT 54 00 
GGTGAAAGTA AAAGATGCTG AAGATCAGTT GGGTGCACGA GTGGGTTACA 545 0 
TCGAACTGGA TCTCAACAGC GGTAAGATCC TTGAGAGTTT TCGCCCCGAA 5500 
GAACGTTTTC CAATGATGAG CACTTTTAAA GTTCTGCTAT GTGGCGCGGT 5550 
ATTATCCCGT GATGACGCCG GGCAAGAGCA ACTCGGTCGC CGCATACACT 5600 
ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT 5650 
ACGGATGGCA TGACAGTAAG AGAATTATGC AGTGCTGCCA TAACCATGAG 5700 
TGATAACACT GCGGCCAACT TACTTCTGAC AACGATCGGA GGACCGAAGG 57 5 0 
AGCTAACCGC TTTTTTGCAC AACATGGGGG ATCATGTAAC TCGCCTTGAT 5800 
CGTTGGQAAC CGGAGCTGAA TGAAGCCATA CCAAACGACG AGCGTGACAC 5850 
CACGATGCCA GCAGCAATGG CAACAACGTT GCGCAAACTA TTAACTGGCG 5900 
AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCG 5950 
GATAAAGTTG CAGGACCACT TCTGCGCTCG GCCCTTCCGG CTGGCTGGTT 6000 
TATTGCTGAT AAATCTGGAG CCGGTGAGCG TGGGTCTCGC GGTATCATTG 6050 
CAGCACTGGG GCCAGATGGT AAGCCCTCCC GTATCGTAGT TATCTACACG 6100 
ACGGGGAGTC AGGCAACTAT QGATOAACGA AATAGACAGA TCGCTGAGAT 6150 
AGGTGCCTCA CTGATTAAGC ATTGGTAACT GTCAGACCAA GTTTACTCAT 6200 
ATATACTTTA GATTGATTTA AAACTTCATT TTTAATTTAA AAGGATCTAG 6250 
GTGAAGATCC TTTTTGATAA TCTCATGACC AAAATCCCTT AACGTGAGTT 6300 
TTCGTTCCAC TGAGCGTCAG ACCCCGTAGA AAAGATCAAA GGATCTTCTT 6350 
GAGATCCTTT TTTTCTGCGC GTAATCTGCT GCTTGCAAAC AAAAAAACCA 6400 
CCGCTACCAG CGGTGGTTTG TTTGCCGGAT CAAGAGCTAC CAACTCTTTT 6450 



wo 97/25425 PCT/US97/00325 
TCCGAAGGTA ACTGGCTTCA GCAGAGCGCA GATACCAAAT ACTGTCCTTC 6500 

TAGT6TAGCC GTAGTTAGGC CACCACTTCA AGAACTCTGT AGCACCGCCT 6550 

ACATACCTCG CTCTGCTAAT CCTGTTACCA GTGGCTGCTG CCAGTGGCGA 6600 

TAAGTCGTGT CTTACCGGGT TGGACTCAAG ACGATAGTTA CCGGATAAGG 6650 

5 CGCAGCGGTC GGGCT6AACG GGGGGTTCGT GCACACAGCC CAGCTTGQAG 6700 

CGAACGACCT ACACCGAACT GAGATACCTA CAGCGTGAGC ATTGAGAAAG 6750 

CGCCACGCTT CCCGAAGGGA GAAAGGCGGA CAGGTATCCG GTAAGCGGCA 6800 

G6GTCGGAAC AG6AGAGCQC AC6AGGGAGC TTCCAGGGGG AAACGCCTGG 6650 

TATCTTTATA GTCCTGTCGG GTTTCGCCAC CTCTGACTTG AGCGTCGATT 6900 

10 TTTGTGATGC TCGTCAGGGG GGCGGAGCCT ATGGAAAAAC 6CCAGCTGGC 6950 
ACGACAGGTT TCCCGACTGG AAAGCQGGCA GTGAGCGCAA CGCAATTAAT 7000 
GTGAGTTACC TCACTCATTA GGCACCCCAG GCTTTACACT TTATGCTTCC 7050 
GGCTCGTATG TTGTGTGGAA TTGTGAGCGG ATAACAATTT CACACAGGAA 7100 
ACAGCTATGA CCATGATTAC GAATTAA 7127 

15 (2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 397 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

Met His Trp Gly Thr Leu Cys Gly Phe Leu Trp Leu Trp Pro Tyr 
15 XO 15 

Leu Phe Tyr Val Gin Ala Val Pro He Gin Lys Val Gin Asp Asp 



Thr Lys Thr Leu He Lys Thr He Val Thr Arg He Asn Asp He 
35 40 45 

Ser His Thr Gin Ser Val Ser Ser Lys Gin Lys Val Thr Gly Leu 



Asp Phe He Pro Gly Leu His Pro He Leu Thr Leu Ser Lys Met 
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Asp Gin Thr Leu Ala Val Tyr Gin Gin lie Leu Thr Ser Met Pro 



Ser Arg Asn Val lie Gin lie Ser Asn Asp Leu Glu Asn Leu Arg 

95 100 105 

5 Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys His Leu Pro 

110 115 120 

Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly Val Leu 
125 130 135 

Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg Leu 
10 140 145 150 

Gin Gly Ser Leu Gin Asp Met Leu Trp Gin Leu Asp Leu Ser Pro 
155 160 165 

Gly Cys Gly Val Thr Asp Lys Thr His Thr Cys Pro Pro Cys Pro 
170 175 180 

15 Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 
185 190 195 

Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val Thr 
200 205 210 

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe 
20 215 220 225 

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys 
230 235 240 

Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 
245 250 255 

25 Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys 
260 265 270 

Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys Thr 
275 280 285 

lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr 
30 290 295 300 

Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu 
305 310 315 

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val Glu 
320 325 330 
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Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro 

335 340 345 

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu 

350 355 360 

5 Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys 

365 370 375 

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser 

380 385 390 

Leu Ser Leu Ser Pro Gly Lys 
10 395 397 

(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 249 amino acids 

(B) TYPE: Amino Acid 
15 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly 

15 10 15 

Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr 

20 20 25 30 

Gly Tyr Tyr Met Tyr Trp Val Arg Gin Ala Pro Gly Gin Gly Leu 

35 40 45 

Glu Trp Met Gly Trp lie Asn Pro Asn Ser Gly Gly Thr Asn Tyr 

50 55 60 

25 Ala Gin Lys Phe Gin Gly Arg Val Thr Met Thr Arg Asp Thr Ser 



He Gly Thr Ala Tyr Met Glu Leu Ser Arg Leu Ser Ser Asp Asp 

80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Tyr Tyr Gly Ser Ser 

95 100 105 

Ala Tyr His Tlrg Gly Ser Tyr Tyr Met Asp Val Trp Gly Arg Gly 

110 115 120 

Thr Leu Val Thr Val Ser Ser Gly Gly Gly Gly Thr Gly Gly Gly 

125 130 135 
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Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu Thr Gin Asp Pro Ala 
140 145 150 

Val Ser Val Ala Leu Gly Gin Thr Val Arg lie Thr Cys Gin Gly 
155 160 165 

5 Asp Ser Leu Arg Ser Tyr Tyr Ala Ser Trp Tyr Gin Gin Lys Pro 
170 175 180 

Gly Gin Ala Pro val Leu Val lie Tyr Gly Lys Asn Asn Arg Pro 
185 190 195 

Ser Gly He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Asn Thr 
10 200 205 210 

Ala Ser Leu Thr He Thr Gly Ala Gin Ala Glu Asp Glu Ala Asp 
215 220 225 

Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His Val Val Phe 



15 Gly Gly Gly Thr Lys Leu Thr Val Leu 
245 249 

(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 250 amino acids 
20 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly 
15 10 15 

25 Glu Ser Leu Lys He Ser Cys Gin Gly Ser Gly Phe Thr Phe Ser 
20 25 30 

Ser Tyr Lys Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Met Gly Gly He He Pro He Phe Gly Thr Ala Asn Tyr 
30 50 55 60 

Ala Gin Lys Phe Gin Gly Arg Val Thr He Thr Ala Asp Glu Ser 



Thr Ser Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp 
80 85 90 
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Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Val Val Val Pro Ala 
95 100 105 

Thr Ser Leu Arg Gly Gly Met Asp Val Trp Gly Gin Gly Thr Thr 
110 115 120 

5 Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
125 130 135 

Gly Gly Gly Gly Ser Gin Ser Val Leu Thr Gin Pro Ala Ser Val 
140 145 150 

Ser Gly Ser Pro Gly Gin Ser lie Thr lie Ser Cys Thr Gly Thr 
10 155 160 165 

Ser Ser Asp Val Gly Gly Tyr Asn Tyr Val Ser Trp Tyr Gin Gin 
170 175 180 

His Pro Gly Lys Ala Pro Lys Leu Met lie Tyr Glu Gly Ser Lys 
185 190 195 

15 Arg Pro Ser Gly Val Ser Asn Arg Phe Ser Gly Ser Lys Ser Gly 
200 205 210 

Ser Thr Ala Ser Leu Thr lie Ser Gly Leu Gin Ala Glu Asp Glu 
215 220 225 

Ala Asp Tyr Tyr Cys Ser Ser Tyr Thr Thr Arg Ser Thr Arg Val 
20 230 235 240 

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
245 250 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 241 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:50: 

Gin Val Arg Leu Gin Gin Ser Gly Gly Gly Leu Val Gin Pro Gly 
30 1 5 10 15 

Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp 
20 25 30 

Asp Tyr Ala Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
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Glu Trp Val Ser Gly Met Thr Trp Asn Ser Gly Ser lie Gly Tyr 
50 55 eo 

Ala Asp Ser Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala 
65 70 75 

5 Lys Asn Ser Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 

80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Glu Pro His Asn Thr Asp Ala 
95 100 105 

Phe Asp lie Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser Gly 

10 110 115 120 

Gly Gly Gly Pro Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp 
125 130 135 

Val Val Met Thr Gin Ser Pro Ser Phe Leu Ser Ala Phe Val Gly 
140 145 150 

15 Asp Thr lie Thr lie Thr Cys Arg Ala Ser Gin Gly He Tyr Asn 
155 160 165 

Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu 
170 175 180 

Leu He Tyr Ala Ala Ser Thr Leu Gin Ser Gly Val Pro Ser Arg 
20 185 190 195 

Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr He Ser 
200 205 210 

Ser Leu Gin Pro Glu Asp Phe Gly Thr Tyr Tyr Cys Gin Gin Leu 
215 220 225 

25 He Ser Tyr Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu He 
230 235 240 

241 

(2) INFORMATION FOR SEQ ID NO: 51: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 894 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 
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Met Met Cys Gin Lys Phe Tyr Val Val Leu Leu His Trp Glu Phe 



Leu Tyr Val lie Ala Ala Leu Asn Leu Ala Tyr Pro lie Ser Pro 



5 Trp Lys Phe Lys Leu Phe Cys Gly Pro Pro Asn Thr Thr Asp Asp 



Ser Phe Leu Ser Pro Ala Gly Ala Pro Asn Asn Ala Ser Ala Leu 



Lys Gly Ala Ser Glu Ala lie Val Glu Ala Lys Phe Asn Ser Ser 



Gly lie Tyr Val Pro Glu Leu Ser Lys Thr Val Phe His Cys Cys 



Phe Gly Asn Glu Gin Gly Gin Asn Cys Ser Ala Leu Thr Asp Asn 
95 100 105 

15 Thr Glu Gly Lys Thr Leu Ala Ser Val Val Lys Ala Ser Val Phe 
110 115 120 

Arg Gin Leu Gly Val Asn Trp Asp lie Glu Cys Trp Met Lys Gly 
125 130 135 

Asp Leu Thr Leu Phe He Cys His Met Glu Pro Leu Pro Lys Asn 
20 140 X45 150 

Pro Phe Lys Asn Tyr Asp Ser Lys Val His Leu Leu Tyr Asp Leu 
155 160 165 



Pro Glu Val He Asp Asp Ser Pro Leu Pro Pro Leu Lys Asp Ser 
170 175 180 

25 Phe Gin Thr Val Gin Cys Asn Cys Ser Leu Arg Gly Cys Glu Cys 
185 190 195 

His Val Pro Val Pro Arg Ala Lys Leu Asn Tyr Ala Leu Leu Met 
200 205 210 



Tyr Leu Glu He Thr Ser Ala Gly Val Ser Phe Gin Ser Pro Leu 

30 215 220 225 

Met Ser Leu Gin Pro Met Leu Val Val Lys Pro Asp Pro Pro Leu 

230 235 240 

Gly Leu His Met Glu Val Thr Asp Asp Gly Asn Leu Lys He Ser 

245 250 255 
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Trp Asp ser Gin Thr Met Ala Pro Phe Pro Leu Gin Tyr Gin Val 
260 265 270 



Lys Tyr Leu Glu Asn Ser Thr He Val Arg Glu Ala Ala Glu He 
275 280 285 

5 Val Ser Ala Thr Ser Leu Leu Val Asp Ser Val Leu Pro Gly Ser 
290 295 300 

Ser Tyr Glu Val Gin Val Arg Ser Lys Arg Leu Asp Gly Ser Gly 
305 310 315 

Val Trp Ser Asp Trp Ser Ser Pro Gin Val Phe Thr Thr Gin Asp 
10 320 325 330 

Val Val Tyr Phe Pro Pro Lys He Leu Thr Ser Val Gly Ser Asn 
335 340 345 

Ala Ser Phe His Cys He Tyr Lys Asn Glu Asn Gin He He Ser 
350 355 360 

15 Ser Lys Gin He Val Trp Trp Arg Asn Leu Ala Glu Lys He Pro 
365 370 375 

Glu He Gin Tyr Ser He Val Ser Asp Arg Val Ser Lys Val Thr 
380 385 390 

Phe Ser Asn Leu Lys Ala Thr Arg Pro Arg Gly Lys Phe Thr Tyr 
20 395 400 405 



Asp Ala Val Tyr Cys Cys Asn Glu Gin Ala Cys His His Arg Tyr 
410 415 420 

Ala Glu Leu Tyr Val He Asp Val Asn He Asn He Ser Cys Glu 
425 430 435 

25 Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg Trp Ser Pro Ser 
440 445 450 

Thr He Gin Ser Leu Val Gly Ser Thr Val Gin Leu Arg Tyr His 
455 460 465 

Arg Arg Ser Leu Tyr Cys Pro Asp Ser Pro Ser He His Pro Thr 
30 470 475 480 

Ser Glu Pro Lys Asn Cys Val Leu Gin Arg Asp Gly Phe Tyr Glu 
485 490 495 

Cys Val Phe Gin Pro He Phe Leu Leu Ser Gly Tyr Thr Met Trp 
500 505 510 
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lie Arg lie Asn His Ser Leu Gly Ser Leu Asp Ser Pro Pro Thr 
515 520 525 

Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro Ser Asn 
530 535 540 

5 Val Lys Ala Glu lie Thr Val Asn Thr Gly Leu Leu Lys Val Ser 
545 550 555 

Trp Glu Lys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe Gin lie 
560 565 570 

Arg Tyr Gly Leu Ser Gly Lys Glu lie Gin Trp Lys Thr His Glu 
10 575 580 585 

Val Phe Asp Ala Lys Ser Lys Ser Ala Ser Leu Leu Val Ser Asp 
590 595 600 

Leu Cys Ala Val Tyr Val val Gin Val Arg Cys Arg Arg Leu Asp 
605 610 615 

15 Gly Leu Gly Tyr Trp Ser Asn Trp Ser Ser Pro Ala Tyr Thr Leu 
620 625 630 

Val Met Asp Val Lys Val Pro Met Arg Gly Pro Glu Phe Trp Arg 
635 640 645 

Lys Met Asp Gly Asp Val Thr Lys Lys Glu Arg Asn Val Thr Leu 
20 650 655 660 

Leu Trp Lys Pro Leu Thr Lys Asn Asp Ser Leu Cys Ser Val Arg 
665 670 675 

Arg Tyr Val Val Lys His Arg Thr Ala His Asn Gly Thr Trp Ser 
680 665 690 

25 Glu Asp Val Gly Asn Arg Thr Asn Leu Thr Phe Leu Trp Thr Glu 
695 700 705 

Pro Ala His Thr Val Thr Val Leu Ala Val Asn Ser Leu Gly Ala 
710 715 720 

Ser Leu Val Asn Phe Asn Leu Thr Phe Ser Trp Pro Met Ser Lys 
30 725 730 735 

Val Ser Ala Val Glu Ser Leu Ser Ala Tyr Pro Leu Ser Ser Ser 
740 745 750 

Cys Val lie Leu Ser Trp Thr Leu Ser Pro Asp Asp Tyr Ser Leu 
755 760 765 



-126- 



wo 97/25475 PCT/US97/00325 

Leu Tyr Leu Val lie Glu Trp Lys lie Leu Asn Glu Asp Asp Gly 
770 775 780 

Met Lys Trp Leu Arg lie Pro Ser Asn Val Lys Lys Phe Tyr He 
785 790 795 

5 His Asp Asn Phe He Pro lie Glu Lys Tyr Gin Phe Ser Leu Tyr 
800 805 810 

Pro Val Phe Met Glu Gly Val Gly Lys Pro Lys He He Asn Gly 
815 820 825 

Phe Thr Lys Asp Ala He Asp Lys Gin Gin Asn Asp Ala Gly Leu 
"0 830 835 840 

Tyr Val He Val Pro He He He Ser Ser Cys Val Leu Leu Leu 
845 850 855 

Gly Thr Leu Leu He Ser His Gin Arg Met Lys Lys Leu Phe Trp 
860 865 870 

15 Asp Asp Val Pro Asn Pro Lys Asn Cys Ser Trp Ala Gin Gly Leu 
875 880 885 

Asn Phe Gin Lys Arg Thr Asp Thr Leu 
890 894 
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WHAT IS CLAIMED IS: 

1. Isolated WSX receptor. 

2. The WSX receptor of claim 1 comprising an amino acid sequence selected from the group 
consisting of: (a) the amino acid sequence of mature human WSX receptor variant 6.4 shown in Figs 2A-B; (b) 

5 the amino acid sequence of mature human WSX receptor variant 12. 1 shown in Figs. 2A-B; and (c) the amino 
acid sequence of mature human WSX receptor variant 13.2 shown in Figs 2A-B. 

3 . The WSX receptor of claim 2 which is mature human WSX receptor variant 13.2. 

4. The WSX receptor of claim 1 which is WSX receptor extracellular domain (ECD). 

5. The WSX receptor ECD of claim 4 which is conjugated with, or fused to, a molecule which 
10 increases the serum half-life thereof. 

6. The WSX receptor ECD of claim 5 which is conjugated with polyethylene glycol (PEG). 

7. A composition comprising the WSX receptor ECD of claim 4 and a physiologically acceptable 

carrier. 

8. The composition of claim 7 further comprising WSX ligand. 

15 9. The WSX receptor of claim 1 which is chimeric WSX receptor. 

10. The chimeric WSX receptor of claim 9 comprising a WSX receptor amino acid sequence fused 
to an immunoglobulin sequence. 

11. The chimeric WSX receptor of claim 1 0 comprising a fusion of a WSX receptor extracellular 
domain sequence to an immunoglobulin constant domain sequence. 

20 12. The chimeric WSX receptor of claim 1 1 wherein said constant domain sequence is that of an 

immunoglobulin heavy chain. 

13. A method for identifying a molecule which binds to the WSX receptor comprising exposing 
the WSX receptor to a molecule suspected of binding thereto and determining binding of the molecule to the 
WSX receptor. 

25 14. A method for identifying a molecule which activates the WSX receptor comprising exposing 

the WSX receptor to a molecule suspected of being capable of activating the WSX receptor and measuring 
activation of the WSX receptor. 

15. A method for purifying a molecule which binds to the WSX receptor comprising adsorbing 
the molecule to WSX receptor immobilized on a solid phase and recovering the molecule from the immobilized 

30 WSX receptor. 

16. An antibody that specifically binds to the WSX receptor of claim 1 . 

1 7. The antibody of claim 1 6 which is an agonist antibody. 

1 8. The antibody of claim 1 7 which has an IC50 in a KIRA ELISA of about 0.5(ig/ml or less. 

1 9. The antibody of claim 16 which is a neutralizing antibody. 
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20. The antibody of claim 1 6 which is a human or humanized antibody. 

2 1 . The antibody of claim 1 6 which is an antibody fragment. 

22. The antibody fragment of claim 2 1 which is an F(ab')2 

23 . A composition comprising the antibody of claim 1 6 and a physiologically acceptable carrier. 
5 24. The composition of claim 23 further comprising a cytokine. 

25. A method for activating the WSX receptor comprising exposing the WSX receptor to an 
amount of the antibody of claim 17 which is effective for activating the WSX receptor. 

26. A method for enhancing proliferation or differentiation of a cell comprising the WSX receptor 
comprising exposing the cell to an amount of the antibody of claim 17 which is effective for enhancing 

1 0 proliferation or differentiation of the cell. 

27. The method of claim 26 wherein the cell is a CD34+ cell. 

28. A method for determining the presence of a WSX receptor comprising exposing a test sample 
suspected of containing the WSX receptor to the antibody of claim 16 and determining binding of said antibody 
to the test sample. 

5 29. An isolated nucleic acid molecule encoding the WSX receptor of claim 1 . 

30. An isolated nucleic acid molecule encoding the WSX receptor ECD of claim 4. 

31. An isolated nucleic acid molecule encoding the chimeric WSX receptor of claim 9. 

32 The isolated nucleic acid molecule of any one of claims 29-31 further comprising a promoter 
operably linked to the nucleic acid molecule. 
0 33. An expression vector comprising the nucleic acid molecule of any one of claims 29-31 

operably linked to control sequences recognized by a host cell transformed with the vector. 

34. A host cell comprising the vector of claim 33. 

35. A process of using a nucleic acid molecule encoding the WSX receptor to effect production 
of the WSX receptor comprising culturing the host cell of claim 34. 

5 36. A method for enhancing proliferati(Mi or differentiation of a cell comprising the WSX receptor 

comprising exposing the cell to an amount of WSX ligand which is effective for enhancing proliferation or 
differentiation of the cell. 

37. The method of claim 36 wherein the WSX receptor is the WSX receptor variant 13.2. 

38. The method of claim 36 wherein the cell is a hematopoietic progenitor cell. 
) 39. The method of claim 36 wherein the WSX ligand is OB protein. 

40. The method of claim 36 wherein the WSX ligand is an anti-WSX receptor agonist antibody. 

41. The method of claim 36 which enhances proliferation or differentiation of lymphoid blood 
cell lineages. 

42. The method of claim 36 which enhances proliferation or differentiation of myeloid blood cell 
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43 . The method of claim 36 which enhances proliferation or differentiation of erythroid blood ceil 

lineages. 

44. The method of claim 36 further comprising exposing the cell to a further cytokine. 

45. The method of claim 44 wherein the further cytokine is a lineage-specific cytokine. 
5 46. The method of claim 36 wherein the cell is present in a mammal. 

47. The method of claim 46 wherein the mammal is a human. 

48. The method of claim 46 wherein the mammal is suffering from, or is expected to suffer from, 
decreased blood cell levels. 

49. The method of claim 48 wherein the decreased blood cell levels are caused by chemotherapy, 
0 radiation therapy, or bone marrow transplantation therapy. 

50. A method for repopulating blood cells in a mammal comprising administering to the mammal 
a therapeutically effective amount of a WSX iigand. 

51. The method of claim 50 wherein the blood cells are erythroid cells. 

52. The method of claim 50 wherein the blood cells are myeloid cells. 
5 53. The method of claim 50 wherein the blood cells are lymphoid cells. 

34. The method of claim 50 comprising administering a further cytokine to the mammal in an 
amount which leads to a synergistic repopulation of the blood cells in the manmial. 

55. A pharmaceutical composition comprising WSX iigand, a further cytokine, and a 
physiologically acceptable carrier, 
to 56. An article of manufacture, comprising: 

a container; 

a label on the container; and 

a composition comprising an active agent contained within the container; wherein the composition is 
effective for repopulating blood cells in a mammal, the label on the container indicates that the composition can 
15 be used for repopulating blood cells in a mammal and the active agent in the composition is a WSX Iigand. 

57. The article of manufacture of claim 56 comprising a further container which holds a further 
cytokine. 

58. An article of manufacture, comprising: 



a label on the container, and 

a composition comprising an active agent contained within the container; wherein the composition is 
effective for decreasing body weight or fat-depot weight or decreasing food intake in an obese mammal, the 
label on the container indicates that the composition can be used for treating obesity in a mammal and the active 
agent in the composition is an agonist anti-WSX receptor antibody. 
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TYPE I CYTOKINE RECEPTOR TCCR 
Field of the Invention 

5 The present invention relates generally to the identification and isolation of novel DNA, the recombinant 

production of novel polypeptides, and to compositions and methods for the diagnosis and treatment of immune 
related diseases, specifically to methods of modulating the T-cell differentiation and cytokine release profiles into 
Thl subtype and Th2 subtypes, and the host of disorders that are implicated by the release of the cytokine profiles. 
Background of the Invention 

10 Immune related and inflammatory diseases are the manifestation or consequence of fairly complex, often 

multiple interconnected biological pathways which in normal physiology are critical to respond to insult or injury, 
initiate repair from insult or injury, and mount innate and acquired defense against foreign organisms. Disease or 
pathology occurs when these normal physiological pathways cause additional insult or injury either as directly 
related to the intensity of the response, as a consequence of abnormal regulation or excessive stimulation, as a 

IS reaction to self, or as a combination of these. 

Though the genesis of these diseases often involves multistep pathways and often multiple different 
biological systems/pathways, intervention at critical points in one or more of these pathways can have an 
ameliorative or therapeutic effect. Therapeutic intervention can occur by either antagonism of a detrimental 
process/pathway or stimulation of a beneficial process/pathway. 

20 T lymphocytes (T cells) are an important component of a mammalian immune response. T cells recognize 

antigens which are associated with a self-molecule encoded by genes within the major histocompatibility complex 
(MHC). The antigen may be displayed together with MHC molecules on the surface of antigen presenting cells, 
virus infected cells, cancer cells, grafts, etc. The T cell system eliminates these altered cells which pose a health 
threat to the host maiitmal. T cells include helper T cells and cytotoxic T cells. Helper T cells proliferate 

25 extensively following recognition of an antigen -MHC complex on an antigen presenting cell. Helper T cells also 
secrete a variety of cytokines, i.e. lymphokines, which play a central role in the activation of B cells, cytotoxic T 
cells and a variety of other cells which participate in the immune response. 

A central event in both humoral and cell mediated immune responses is the activation and clonal 
expansion of helper T cells. Helper T cell activation is initiated by the interaction of the T cell receptor (TCR) - 

30 CD3 complex with an antigen-MHC on the surface of an antigen presenting cell. This interaction mediates a 
cascade of biochemical events that induce the resting helper T cell to enter a cell cycle (the GO to Gl transition) and 
results in the expression of a high affinity receptor for IL-2 and sometimes IL-4. The activated T cell progresses 
through the cycle proliferating and differentiadng into memory cells or effector cells. 

The inmiune system of mammals consists of a number of unique cells that act in concert to defend the host 

35 from invading bacteria, viruses, toxins and other non-host substances. The cell type mainly responsible for the 
specificity of the immune system is called the lymphocyte, of which there are two types, B and T cells. T cells take 
their designation firom being developed in the thymus, while B cells develop in the bone marrow. The T-cell 
population has several subsets, such as suppressor T cells, cytotoxic T cells and T helper cells. The T-helper cell 
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subsets define 2 pathways of immunity: Thl and Th2. Tlie Thl cells, a functional subset of CD4+ cells, are 
characterized by their ability to boost cell mediated immunity. The Thl cell produces cytokines II-2 and 
interferon-y, and are identified by the absence of 11-10, II-4, 11-5 and II-6. 

The Th2 cell is also a CD4+ cell, but is distinct from the Thl cell. The Th2 cells are responsible for 
5 antibody production and produce the cytokines II-4, II-5, 11-10 and 11-13. (see Figure 1). These cytokines play an 
important role in making the Th I and Th2 responses mutually inhibitory. The interferon-y that is produced by the 
Thl cells inhibits the proliferation of Th2 cells (Figure 2) while IL-IO produced by the Th2 cells represses the 
production of inlerferon-y (Figure 2). 

Members of the four helical bundle cytokine family (Bazan, J. P., 1990, Proc Natl Acad Sci U SA, 
10 87:6934-8) have been found to play a critical role in the expansion and terminal differentiation of T helper cells 
from a common precursor into distinct populations of Thl and Th2 effector cells. O'Garra, A., 1998, Immunity, 
8:275-83. IL-4 influence predominantly the development of Th2 cells while IL-12 is a major factor involved in 
the differentiation of Thl cells. Hsieh, C. S., e/ai.. 1993, Science, 260:547-9; Seder, R. A., \993, PmcNail 
Acad Sci USA,90: 10188-92; Le Gros, G., et at., \990, J Exp Med, 172:921-9; Swain, S. L., et ai, 1 991 , Immunol 
15 Rev, 123:115-44. Accordingly, mice deficient in IL-4 (Kuhn, R., a/, 1991, 5c/ence, 254:707-10), IL-4 receptor 
chain (Noben-Trauth, N., et ai, 1997, Proc Natl Acad Sci USA, 94: 1 0838-43), or the IL-4 specific transcription 
factor STAT6 (Shimoda, K., etal, 1996, Nature, 380:630-3) are defective in Th2 responses, while mice deficient 
in IL-12 (Magram, J., et ai, 1996, Immunity, 4:471-81), IL-12 receptor (IL-12R) 1 chain (Wu, C, et at., 1997, J 
Immunol, 159:1658-65), or the IL-12 specific transcription factor STAT4 (Kaplan, M. H., et ai, 1996, Nature, 
20 382:174-7) have impaired Thl responses. 

Th-1 and Th-2 cell subtypes arc believed to be derived from the common precursor, termed a Th-0 cell. 
In contrast to the mutually exclusive cytokine production of the Th-1 and Th-2 subtypes, Th-0 cells produce most 
or all of these cytokines. The release profiles of the different cytokines for the Th-1 and Th-2 subtypes plays an 
active role in the selection of effector mechanisms and cytotoxic cells. The 11-2 and y-interferon secreted by Th- 1 
25 cells tends to activate macrophages and cytotoxic cells, while the II-4, II-5, 11-6 and 11-10 secreted by Th-2 cells 
tends to increase the production of eosinophils and mast cells as well as enhance the production of antibodies 
including IgE and decrease the function of cytotoxic cells. Once estabhshed, the Th-1 or Th-2 response pattern is 
maintained by the production of cytokines that inhibit the production of the other subset. The y-interferon produced 
by Th-1 cells inhibits production of Th-2 cytokines such as 11-4 and 11-10, while tiie 11-10 produced by Th-2 cells 
30 inhibits the production of Th-1 cytokines such as II-2 and y-interferon. 

The upset of the delicate balance between the cytokines produced by the Thl and Th2 cell subsets leads 
to a host of disorders. For example, the overproduction of Thl cytokines can lead to autoimmune inflammatory 
diseases, multiple sclerosis and inflammatory bowel disease (e.g., Crohn's disease, regional enteritis, distal ileitis, 
granulomatous enteritis, regional ileitis, terminal ileitis). Similarly, overproduction of Th2 cytokines leads to 
35 allergic disorders, including anaphylactic hypersensitivity, asthma, allergic rhinitis, atopic dermatitis, vernal 
conjunctivitis, eczema, urticaria and food allergies. Vmetsu etal., Soc. Exp. Biol. Med. 215 : 11-20(1997). 

WO 97/44455 filed 19 May 1997 and Sprecher etal. Biochem. Biophys. Res. Commun. 246: 82-90 (1998) 
describe cytokine receptor molecules possessing a certain degree of sequence identity with the murine and 
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human TCCR molecules herein. The murine and human prior art cytokine receptors are purported to be expressed 
in lymphoid tissue, including the thymus, spleen, lymph nodes and peripheral blood leukocytes - and are further 
indicated to be present on both B- and T-cells and have afunction relating to the proliferation, differentiation and/or 
activation of immune cells, perhaps in the development and regulation of the inunune response. However, 
5 W097/44455 and Sprecher et al, supra identify neither the precise role of TCCR and its homologs in the 
mediation of T-cell differentiation and cytokine release profiles into Thl subtype and Th2 subtype, nor the host of 
disorders that are implicated by the release of the cytokine T-cell subtypes. 

Summary of the Invention 
The present invention concerns methods for the diagnosis and treatment of immune related disease in 
10 mammals, including humans - specifically the physiology (e.g., cytokine release profiles) and diseases resulting 
from a bias in the T-cell differentiation pathway into the Thl subtype or the Th2 subtype. The present invention 
is based on the identification of the gene encoding and amino acid sequence of TCCR (previously known as NPOR), 
the absence or inactivation of which biases the differentiation of T-cells into the Th2 subtype in maimnals. Certain 
immune diseases can be treated by suppressing or enhancing the differentiation of T-cells into either the Th 1 or the 
15 Th2 subtype. 

The present invention further concerns a method for enhancing, stimulating or potentiating the 
differentiation of T-cells into the Th2 subtype instead of the Thl subtype, comprising the administration of an 
effective amount of a TCCR antagonist. Optionally, the method occurs in a mammal and the effective amount is 
a therapeutically effective amount. Optionally, the TCCR antagonist induced differentiation of T-cells into Th2 

20 subtype cells further results in a Th2 cytokine release profile upon antigen stimulation (e.g., 11-4, 11-5 11-10 and II- 
13). Diseases which are characterized by an overproduction of Thl cytokines, and which would be responsive 
to the equilibraling effect of Th2-subtype stimulation of differentiation and the resulting cytokine release profile, 
include autoimmune inflammatory diseases (e.g. , allergic encephalomyelitis, multiple sclerosis, insulin-dependent 
diabetes mellitus, autoimmune uveoretinitis, inflammatory bowel disease (e.g., Crohn's disease, ulcerative colitis), 

25 autoimmune thyroid disease) and allograft rejection. 

The present invention further concerns a method for preventing, inhibiting or attenuating the differentiation 
of T-cells into the Th2 subtype (i.e. , causes differentiation into Till subtypes), comprising the administration of an 
effective amount of a TCCR or agonist. Optionally, the method occurs in a mammal and the effective amount is 
a therapeutically effective amount. Optionally, this TCCR or agonist Induced differentiation results in a Thl 

30 cytokine release profile upon antigen stimulation (e.g., y-interferon). Diseases which are characterized by an 
overproduction of Th2 cytokines (or insufficient production of Th 1 cytokines), and which would be responsive to 
the equilibrating effect of Thl -subtype stimulation of differentiation Th2 cytokine oveiproduction would be 
expected to be effective in treating infectious diseases (e.g., Leishmania major, Mycobacterium leprae, Candida 
albicans, Toxoplasma gondi, respiratory syncytial virus, human immunodeficiency virus) and allergic disorders 

35 (e.g., asthma, allergic rhinitis, atopic dermatitis, vernal conjunctivitis). 

In one embodiment, the present invention concerns an isolated antibody which binds a TCCR polypeptide 
(e.g., anti-TCCR). In one aspect, the antibody mimics the activity of a TCCR polypeptide (an agonist antibody) 
or conversely the antibody inhibits or neutralizes the activity of a TCCR polypeptide (an antagonist antibody). In 
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another aspect, the antibody is a monoclonal antibody, which preferably has nonhuman complementarity 
determining region (CDR) residues and human framework region (FR) residues. The antibody may be labeled and 
may be immobilized on a solid support. In a further aspect, the antibody is an antibody fragment, a single-chain 
antibody, or an anti-idiotypic antibody. 
5 In another embodiment, the invention concerns the use of the polypeptides and antibodies of the invention 

to prepare a composition or medicament which has the uses described above. 

In afurthcrcmbodiment, the invention concerns nucleic acid encoding an anti-TCCR antibody, and vectors 
and recombinant host ceils comprising such nucleic acid. In a still further embodiment, the invention concerns a 
method for producing such an antibody by culturing a host cell transformed with nucleic acid encoding the antibody 
10 under conditions such that the antibody is expressed, and recovering the antibody from the cell culture. 

The invention further concerns antagonists of a TCCR polypeptide that inhibit one or more functions or 
activities of the TCCR polypeptide. Alternatively, the invention concerns TCCR agonists that stimulate or enhance 
one or more functions or activities of the TCCR polypeptide. Preferably such antagonists and/or agonists are 
TCCR variants, peptide fragments, small molecules, antisense oligonucleotides (DNA or RNA), ribozymes or 
15 antibodies (monoclonal, humanized, specific, single-chain, heteroconjugate or fragment of the aforementioned). 
Additionally, TCCR agonists can include potential TCCR ligands, while potential TCCR antagonists can include 
soluble TCCR extracellular domains (ECD). 

In a further embodiment, the invention concerns isolated nucleic acid molecules that hybridize to the 
nucleic acid molecules encoding the TCCR polypeptides, or the complement. The nucleic acid preferably is DNA, 
20 and hybridization preferably occurs under stringent conditions. Such nucleic acid molecules can act as antisense 
molecules of the amplified genes identified herein, which, in turn, can find use in the modulation of the respective 
amplified genes, or as antisense primers in amplification reactions. Furthermore, such sequences can be used as 
part of ribozyme and/or triple helix sequence which, in turn, may be used in regulation of the amplified genes. 
In another embodiment, the invention concerns a method for determining the presence of a TCCR 
25 polypeptide comprising exposing a cell suspected of containing the polypeptide to an anti-TCCR antibody and 
determining the binding of the antibody to the cell. 

In yet another embodiment, the present invention concerns a method of diagnosing a Th 1 -mediated or Th2- 
mediated disorder in a mammal, comprising detecting the level of expression of a gene encoding a TCCR 
polypeptide (a) in a test sample of tissue cells obtained from the mammal, and (b) in a control sample of known 
30 normal tissue cells of the same cell type, wherein a lower expression level in the test sample versus the control 
indicates the presence of a Th2-mediated disorder and a higher expression level in the test sample versus the control 
indicates the presence of a Thl -mediated disorder in the mammal from which the test tissue cells were obtained. 

In another embodiment, the present invention concerns a method of diagnosing an immune disease in a 
mammal, comprising (a) contacting an anti-TCCR antibody with a test sample of tissue cells obtained from the 
35 mammal, and (b) detecting the formation of a complex between the antibody and the TCCR polypeptide in the test 
sample. The detection may be qualitative or quantitative, and may be performed in comparison with monitoring 
the complex formation in a control sample of known normal tissue cells of the same cell type. A larger quantity 
of complexes formed in the test sample indicates the presence of TCCR and a Thl-mediated disorder, while a lesser 
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quantity indicates a Th2-mediated disorder in the niammal from which the test tissue cells were obtained. The 
antibody preferably carries a detectable label. Complex formation can be monitored, for example, by light 
microscopy, flow cytometry, fluorimetry, or other techniques known in the art. The test sample is usually obtained 
from an individual suspected of having a deficiency or abnormality of the immune system. 
5 In another embodiment, the present invention concerns a diagnostic kit, containing an anti-TCCR antibody 

and a carrier {e.g. a buffer) in suitable packaging. The kit preferably contains instructions for using the antibody 
to detect the TCCR polypeptide. 

In a further embodiment, the invention concerns an article of manufacture, comprising: 
a container; 
10 a label on the container; and 

a composition comprising an active agent contained within the container; wherein the composition is 
effective for stimulating or inhibiting an immune response in a mammal, the label on the container indicates that 
the composition can be used to treat an immune related disease, and the active agent in the composition is an agent 
stimulating or inhibiting the expression and/or activity of the TCCR polypeptide. In a preferred aspect, the active 
15 agent is a TCCR polypeptide or an anti-TCCR antibody. 

A further embodiment is a method for identifying a compound capable of modulating the expression and/or 
biological activity of a TCCR polypeptide by contacting a candidate compound with a TCCR polypeptide under 
conditions and for a time sufficient to allow these two components to interact. In a specific aspect, either the 
candidate compound or the TCCR polypeptide is immobilized on a solid support. In another aspect, the non- 
20 immobilized component carries a detectable label. 

Brief Description of the Drawings 
Figure 1 is a diagrammatic representation of the differentiation of the CD4+ T-cell differentiation into Thl 
and Th2 cells, the primary cytokines responsible for effecting the differentiation, the primary cytokines released 
from the differentiation of the respective subsets upon antigen stimulation and the physiological effects mediated 
25 by the cytokine profiles released. 

Figure 2 is a diagrammatic representation of the negative feedback loop describing the interrelationship 
between the cytokines released by the Thl and Th2 T-cell subtypes. 

Figure 3 shows the amino acid sequence for human TCCR (hTCCR) (SEQ ID NO:l). The sequence has 
also been published in W097/44455 filed on 23 May 1996 and is further available from GenBank under accession 
30 number 4759327. This sequence is further described in Sprecher «r a/., fliocfte/n. flit>p>iys, /?«. Commun. 246(1): 
82-90 (1998). In SEQ ID N0:1, a signal peptide has been identified from amino acid residues 1 to about 32, a 
transmembrane domain from about amino acid residues 517 to about 538, N-glycosylation sites at about residues 
5 1 -54, 76-79, 302-305, 311-314, 374-377, 382-385, 467-470, 563-566, N-myristoy lation sites at about residues 1 07- 
112, 240-245, 244-249, 281-286, 292-297, 373-378, 400-405, 459-464, 470-475, 531-536 and 533-538, a 
35 prokaryotic membrane lipoprotein lipid attachment site at about residues 522-532 and a growth factor and cytokine 
receptor family signature 1 at about residues 4 1 -54. There is also a region of significant homology with the second 
subunit of the receptor for human granulocyte-macrophage colony-stimulating factor (GM-CSF) at residues 183- 
191. 
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Figure 4 shows the amino acid sequence for murine TCCR (mTCCR) (SEQ ID N0:2). The sequence has 
also been published in W097/44455 filed on 23 May 1 996 and is further available from GenBank under accession 
number 77 1 0 1 09. This sequence is further described in Sprecher et al, Biochem. Biophys, Res. Commun. 246( 1 ): 
82-90 (1998). In SEQ ID N0:2, a signal peptide has been identified from amino acid residues 1 to about 24, the 
5 transmembrane domain from about amino acid residues 5 14 to about 532, N-glycosylation sites at about residues, 
46-49, 296-299, 305-308, 360-361, 368-371 and 461-464, casein kinase II phosphorylation sites at about residues 
10-13, 93-96, 130-133, 172-175, 184-187, 235-238, 271-274, 272-275, 323-326, 606-609 and 615-618, a tyrosine 
kinase phosphorylation site at about residues 202-209, N-myristoylation sites at about residues 43-48, 1 02- 1 07, 295- 
300, 321-326, 330-335, 367-342, 393-398, 525-530 and 527-532, an amdation site at about residues 240-243, a 
10 prokaryotic membrane lipoprotein lipid attachment at about residues 516-526 and a growth factor and cytokine 
receptor family signature 1 at about residues 36-49. Region of significant homology exist with: (1) human 
erythropoietin al about residues 14-51 and (2) murine inlerieukin-5 receptor at residues 211-219. 

Figure 5 is a comparison of hTCCR (SEQ ID NO: I ) and mTCCR (SEQ ID NO:2). Identical amino acids are 
shaded and gaps introduced for optimal alignment are indicated by dashes. The predicted signal peptidase cleavage 
15 site is indicated by an arrowhead. Potential N-glycosylation sites are indicated with an asterisk. The WSX motif, 
transmembrane domain and boxl motif are boxed. 

Figure 6 is a Northern blot of human TCCR indicating the expression profiles in adult and fetal tissues. In 
adults, hTCCR is most highly expressed in the thymus, but there is also signal in peripheral blood leukocytes (PBL's), 
spleen as well as weak expression in die lung. In fetal tissues, TCCR exhibits weak expression in lung and kidney. 
20 The expression profile of TCCR indicates that it may be involved in blood cell development and proliferation, 
especially of thymocytes. 

Figure 7(A-B) examines the number and phenotype of T-cells in TCCR -/- mice. Figure 7A is a contour plot 
of FACS analysis of CD4+/CD8+ T-cells taken from TCCR -/- mice and compared with wild type. Figure 7B is a 
contour plot of FACS analysis of CD4+/CD8+/TcR+. The lack of any significant difference between the numbers of 

25 T-cells in TCCR -/- mice indicates that T-cell proliferation is not impaired. 

Figure 8(A-B) examines the expression of TCCR on human T-cells. Figure 8A is a FACS analysis contour 
plot of human TCCR and the pan T-cell surface marker CD2 on human T-cells. Figure 8B is a FACS analysis contour 
plot of human TCCR and the B-cell maker CD20 on human B-cells. The left-most plot of both figures represent the 
appropriate flourochrome conjugated secondary antibody. Cumulatively, Figures 8A and 8B indicate that TCCR is 

30 found on a subset of human T-cells and is not present in appreciable amounts on B-cells. 

Figure 9(A-C) is a diagrammadc representation of the TCCR gene targeting methodology using homologous 
recombination. Figure 9A represents the wild type allele with the TCCR exons denoted by solid blocks and the 
introns as intervening lines. "E" and "B" indicate cleavage sites for the endonucleases EcoRI and BamHI, 
respectively. Figure 93 represents the targeting vector wherein exons 3-8 of TCCR have been replaced with the 

35 neomycin resistance gene from the plasmid vector pGK-neo. The thymidine kinase gene from herpes simplex virus 
has been inserted 5' to exon 1 , a gene which provides resistance to selective pressure from gancyclovir. Figure 9C is 
a representation of the final targeted or "knockout" allele after homologous recombination between the endogenous 
gene and the targeting vector has occurred. 
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Figures lO(A-C) are a Southern blot, gel electrophoresis image of PCR reaction and a Northern blot, 
respectively confirming transfection with the TCCR targeting vector. In Figure lOA, genomic DNA was taken from 
ES cells resistant to the Neomycin/Gancyclovir drug selection and hybridized with a radiolabeled probe specific for 
TCCR. In the second lane from the left, the existence of both a 1 0 Kb and a 1 2 Kb fragment indicates that one of the 
5 TCCR alleles has been ablated. Figure 1 OB is the reaction product of PCR amplified genomic DNA from TCCR -/- 
mouse tails. The PCR primers were designed so as differentiate between the wild type TCCR allele and the targeted 
("knockout") allele resulting from the recombination event. Lanes I and 2 (counted from the left) show a band pattern 
indicative of TCCR wild type. Lane 3 shows a PCR band from a TCCR -/- mouse and lanes 5 and 6 are indicative of 
a TCCR heterozygote mouse (+/-). Figure IOC is a Northern blot that has been hybridized with a probe specific: for 
10 TCCR. Lane 1 is from a TCCR -/- mouse and lane 2 is a from a wild type mouse. The lack of any signal from the 
TCCR -/- mouse indicates that the there is no functional full length mRNA of TCCR being produced 

Figure 1 l(A-B) indicates an enhancement of allergic airway inflammation in TCCR -/- mice. Figure 1 1 A 
shows that TCCR -/- mice sensitized with Dust Mite Antigen (DMA) produce a greater Th2 response as measured by 
the number of lymphocytes that infiltrate the lung. 
15 Figure 12(A-B) is a graphical representation of the Thl/Th2 responses in TCCR -/- mice, as measured by 

production of IFN-y. In Figure 12A, T-cells isolated from TCCR -/- mice are incubated with IL-12 which causes 
differentiation along the Thl pathway. These cells were assayed for their production of IFN-y, IL-4 and IL-5. IFN-y 
is produced at significantly lower levels in the TCCR -/- mice as indicated by the lighter shaded bars in Figure 12A. 
This indicates a greatly weakened Thl response in the TCCR -/- mice. Figure 128 is a graphical representation of T- 
20 cells that have been incubated with IL-4 which causes differentiation along the Th2 pathway. This indicates no 
difference in cytokine production between the TCCR -/- mice T-cclls and wild type control cells. 

Figure 1 3 is a graphical representation of Ig levels produced in TCCR -/- mice. Levels of Ig subtypes IgGl , 
lgG2, IgG2b, IgG3, IgM and IgA were examined. As indicated by the lighter shadowed bars, TCCR -/- mice produced 
less lgG2a than wild type controls. The rest of the IgG levels did not differ significantly. lgG2a is produced by Thl 
25 cells, and its notable absence in the TCCR -/- mice confirms the reduced Thl response observed in other assays 
presented herein. 

Figure 14 is a graphical representation of IgG levels produced in TCCR -/- mice that have been previously 
immunized with ovalbumin. Mice were injected with lOOpg OVA ip on day 1 and 21 then bled on day 26. Levels of 
IgGl and IgG2a were measured in the homozygous knockout mice compared to the wild type. As shown in the left 
30 side of the graph, IgGl levels were equivalent in the wild type and knockout, whereas IgG2a levels were 
significantly lower in the TCCR -/- knockout compared to the wild type, reflecting a weakened Th I response in TCCR 
-/- mice. 

Figure 15(A-B) is a graphical representation showing which cell types within murine splenocytes express 
TCCR. Figure 15A shows expres.sion levels in CD4, CDS, CD19, NKl .1 and F4/80 cells, with highest levels in CD4 
35 T cells and natural killer cells. Figure 15B shows expression levels within ThO, Thl and Th2 cells, with expression 
being highest in ThO cells and down-regulated upon differentiation of CD4 cells in both Thl and Th2 cells. TCCR 
expression was detected by real time PCR and normalized to rpl 19, a ribosomal housekeeping gene. Held, C. A., et al. , 
1996, Genome Res., 6:986-94. 
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Figure 16(A-D) is a graphical representation of antigen induced cytokine production and proliferation by 
lymph node cells from TCCR-deficient mice. Wild type and TCCR-deficient mice were immunized with KLH in 
complete Freund's adjuvant (CFA). Lymph nodes were harvested 9 days later and cultured in the presence of KLH 
as indicated and analyzed for their capacity to produce (Figure 16A) IFN , (Figure 1 6B) n.-4, (Figure 16C) IL-5 or 
5 (Figure 16D) to proliferate. Data are presented as the mean +1- SD values that were derived from 5 animals in each 
group. P<0.004 by unpaired T-test for IFN? levels between WT and KO at both KLH concentrations. 

Figure 17(A-C) is a graphical representation of the effect on IgG subclass concentrations and sensitivity to 
L. monocytogenes infection. Serum was collected from wild type and TCCR-deficient mice, and total IgG subclass 
concentrations was determined by ELISA (Figure 17A). OVA-specific IgGl and IgG2a from OVA/CFA primed 
10 mice. Serum was collected from wild type and TCCR-deficient mice that were immunized with OVA in CFA and 
levels of IgGl (1:320000 dilution) and IgG2a (1:5000 dilution) were determined by OVA-specific EUSA (Figure 
17B). Five TCCR-deficient mice or wild type littetmates were infected subcuianeously with 3x10'' CFU of L 
monocytogenes. Three or nine days later, the livers were harvested and bacterial titers were determined (Figure 17C). 
Data are presented as the mean +/- SD values that were derived from 5 animals in each group. P<0.001 by unpaired 
1 5 T-test between WT and KO at both time points. 

Figure 18(A-D) is a graphical representation of the in vitro induction of Th cell differentiation and 
proliferation. CD4+ T-cells purified from the spleens of wild type or TCCR-deficient mice were differentiated into 
Thl or Th2 cells (Figure 1 8A) in the presence of ConA and irradiated wild type APC or (Figure 1 8B) with anti-CD3 
and anti-CD28 as stimuli. Production of IFN and IL-4 was determined by ELISA. Data represent the mean value 
20 +/- SD of pools of 5 mice per group. ND, not detected. Figure 18C represents IL-12 induced proliferation of 
splcnocytes from wild type and TCCR-deficient mice. ConA activated splenocytcs were incubated for 24h in the 
presence of increasing concentrations of IL-12 as indicated. Proliferation of cells was measured by incorporation of 
[3H]-thymidine during the final 6h. Figure 18D represents IL-12R mRNA levels in unstimulated (white bars) and 
ConA stimulated (black bars) splenocytes. Splenic T-cells were stimulated with ConA for 72h and mRNA levels for 
25 IL-12R 1 and IL- 12R 2 were determined by real time quantitative PCR (Taqman). Fold increase are relative to the 
levels of RNA present in wild type unstimulated cells. 

Figure 1 9 shows the sequences of SEQ ID NOS:5-16 which represent the primers and probes that were used 
with the Taqman analysis. 

Detailed Description of the Preferred Embodiments 

30 I. Definitions 

The term "immune related disease" means a disease in which a component of the immune system of a 
nuunmal causes, mediates or otherwise contributes to a morbidity in the mammal. Also included are diseases in which 
stimulation or intervention of the immune response has an ameliorative effect on progression of the disease. Included 
within this term are immune-mediated inflammatory diseases, non-immune-mediated inflammatory diseases, 
35 infectious diseases, immunodeficiency diseases, neoplasia, etc. 

The term "Thl mediated disorder" means a disease which is characterized by the overproduction of Thl 
cytokines, including those that result from an overproduction or bias in the differentiation of T-cells into the Thl 
subtype. Such diseases include, for example, autoimmune inflammatory diseases (e.g., allergic encephalomyelitis. 
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multiple sclerosis, insulin-dependent diabetes mellitus, autoimmune uveoretinitis, thyrotoxicosis, scleroderma, systemic 
lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease {e.g., Crohn's disease, ulcerative colitis, 
regional enteritis, distal ileitis, granulomatous enteritis, regional ileitis, terminal ileitis), autoimmune thyroid disease, 
pernicious anemia) and allograft rejection. 
5 The term "Th2 mediated disorder" means a disease which is characterized by the overproduction of Th2 

cytokines, including those that result from an oveqjroduction or bias in the differentiation of T-cells into the Th2 
subtype. Such diseases include, for example, exacerbation of infection with infectious diseases (e.g., Leishmania 
major, Mycobacterium leprae, Candida albicans. Toxoplasma gondi, respiratory syncytial virus, human 
immunodeficiency virus, etc.) and allergic disorders, such as anaphylactic hypersensitivity, asthma, allergic rhinitis, 

10 atopic dermatitis, vernal conjunctivitis, eczema, urticaria and food allergies, etc. 

Examples of other immune, immune-related and inflammatory diseases, some of which are mediated by the 
effects (e.g., cytokine release profiles) of differentiation of T-cells into the Thl and Th2 subtypes, and which can be 
treated according to the invention include, systemic lupus erythematosis, rheumatoid arthritis, juvenile chronic arthritis, 
spondyloarthropathies, systemic sclerosis (scleroderma), idiopathic inflammatory myopathies (dermalomyositis, 

15 polymyositis), Sjogren's syndrome, systemic vasculitis, sarcoidosis, autoimmune hemolytic anemia (immune 
pancytopenia, paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia (idiopathic thrombocytopenic 
purpura, immune-mediated thrombocytopenia), thyroiditis (Grave's disease, Hashimoto's thyroiditis, juvenile 
lymphocytic thyroiditis, atrophic thyroiditis) autoimmune inflammatory diseases (e.g., allergic encephalomyelitis, 
multiple sclerosis, insulin-dependent diabetes mellitus, autoimmune uveoretinitis, thyrotoxicosis, scleroderma, systemic 

20 lupus erythematosus, rheumatoid arthritis, inflammatory bowel disease (e.g., Crohn's disease, ulcerative colitis, 
regional enteritis, distal ileitis, granulomatous enteritis, regional ileitis, terminal ileitis), autoimmune thyroid disease, 
pernicious anemia) and allograft rejection, diabetes mellitus, immune-mediated renal disease (glomerulonephritis, 
tubulointerstitial nephritis), demyelinating diseases of the central and peripheral nervous systems such as multiple 
sclerosis, idiopathic demyelinating polyneuropathy or Guillain-Barre syndrome, and chronic inflammatory 

25 demyelinating polyneuropathy, hepatobiliary diseases such as infectious hepatitis (hepatitis A, B, C, D, E and other 
non-hepatotropic viruses), autoimmune chronic active hepatitis, primary biliary cirrhosis, granulomatous hepatitis, and 
sclerosing cholangitis, inflammatory bowel disease (ulcerative colitis, Crohn's disease), gluten-sensitive enteropathy, 
and Whipple's disease, autoimmune or immune-mediated skin diseases including bullous skin diseases, erythema 
multiforme and contact dermatitis, psoriasis, allergic diseases such as asthma, allergic rhinitis, atopic dermatitis, food 

30 hypersensitivity and urticaria, immunologic diseases of the lung such as eosinophilic pneumonias, idiopathic pulmonary 
flbrosis and hypersensitivity pneumonitis, transplantation associated diseases including graft rejection and graft- 
versus-host-disease. Infectious diseases including viral diseases such as AIDS (HIV infection), hepatitis A, B, C, D, 
and E, herpes, etc., bacterial infections, fungal infections, protozoal infections, parasitic infections, and respiratory 
syncytial virus, human immunodeficiency virus, etc.) and allergic disorders, such as anaphylactic hypersensitivity, 

35 asthma, allergic rhinitis, atopic dermatitis, vernal conjunctivitis, eczema, urticaria and food allergies, etc. 

"Treatment" is an intervention performed with the intention of preventing the development or altering the 
pathologyofadisordcr. Accordingly, "treatment" refers to both therapeutic treatment and prophylactic orprcventative 
measures, wherein the object is to prevent, slow down (lessen) or ameliorate the targeted pathological condition or 
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disorder. Those in need of treatment include those already with the disorder as well as those in which the disorder is 
to be prevented. In treatment of an immune related disease {e.g., Thl -mediated and Th2-mediated disorder), a 
therapeutic agent may directly decrease or increase the magnitude of response of a pathological component of the 
disorder, or render the disease more susceptible to treatment by other therapeutic agents, e.g. antibiotics, antifungals, 
5 anti-inflammatory agents, chemotherapeutics, etc. 

The term "effective amount" is the minimum concentration of TCCR polypeptide, agonist thereof and/or 
antagonist thereof which causes, induces or results in either a detectable bias in the differentiation of T-cells into 
either the Thl subtype or the Th2 subtype and/or the cytokine release profile which these T-cell subtypes secrete. 
Furthermore a "therapeutically effective amount" is the minimum concentration (amount) of TCCR polypeptides, 
10 agonists thereof and/or antagonist thereof which would be effective in treating either Thl -mediated or Th2-mediated 
disorders. 

"Chronic" administration refers to administration of the agent(s) in a continuous mode as opposed to an acute 
mode, so as to maintain the initial therapeutic effect (activity) for an extended period of time. "Intermittent" 
administration is treatment that is not consecutively done without interruption, but rather is cyclic in nature. 

15 The "pathology" of an immune related disease includes all phenomena that compromise the well-being of 

(he patient. This includes, without limitation, abnormal or uncontrollable cell growth, antibody production, auto- 
antibody production, complement production and activation, interference with the normal functioning of neighboring 
cells, release of cytokines or other secretory products at abnormal levels, suppression or aggravation of any 
inflammatory or immunological response, infiltration of inflammatory cells (neutrophilic, eosinophilic, monocytic, 

20 lymphocytic) into tissue spaces, etc. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cattle, sheeps, pigs, goats, rabbit, 
etc. Preferably, the marmnal is human. 

Administration "in combination with" one or more further therapeutic agents includes simultaneous 

25 (concurrent) and consecutive adminisU-ation in any order. 

"Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers which are 
nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations employed. Often the 
physiologically acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable 
carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low 

30 molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, 
asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, 
or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such 
as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene glycol (PEG), and PLURONICS™. 

35 The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of cells 

and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g. I*'^^, and 
Re'^^), chemotherapeutic agents, and toxins such as enzymatically active toxins of bacterial, fungal, plant or animal 
origin, or fragments thereof. 



10 



wo 01/29070 PCT/USOO/28827 

A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits growth 
of a cell, especially cancer cell overexpressing any of the genes identified herein, either in vitro or in vivo. Thus, the 
growth inhibitory agent is one which significantly reduces the percentage of cells overexpressing such genes in S 
phase. Examples of growth inhibitory agents include agents that block cell cycle progression (at a place other than S 
5 phase), such as agents that induce Gl arrest and M-phase arrest. Classical M-phase blockers include the vincas 
(vincristine and vinblastine), taxol, and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, 
and bleomycin. Those agents that arrest G I also spill over into S-phase arrest, for example, DNA alkylating agents 
such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. 
Further information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled 
10 "Cell cycle regulation, oncogens, and antineoplastic drugs" by Murakami et al. (WB Saunders; Philadelphia, 1995), 
especially p. 13. 

The term "cytokine" is a generic term for proteins released by one cell population which act on another cell 
as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional polypeptide 
hormones. Included among the cytokines are growth hormone such as human growth hormone, N-methionyl human 

15 growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; 
glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and 
luteinizing hormone (LH); hepatic growth factor; fibroblast growth factor; prolactin; placental lactogen; tumor necrosis 
factor-a and -p; mullerian-inhibiting substance; mouse gonadotropin-associated peptide; inhibin; activin; vascular 
endothelial growth factor; integrin ; thrombopoietin (TPO); nerve growth factors such as NGF-P; platelet-growth factor; 

20 transforming growth factors (TGFs) such as TGF-a and TGF- P; insulin-like growth factor-I and -II; erythropoietin 
(EPO); osteoinductive factors; interferons such as interferon- a, -P, and -j, colony stimulating factors (CSFs) such as 
macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins 
(ILs) such as IL-1, IL- 1 a, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-1 1, IL-12; a tumor necrosis factor such as 
TNF-a or TNF-P; and other polypeptide factors including LIF and kit ligand (KL). As used herein, the term 

25 cytokine includes proteins from natural sources or from recombinant cell culture and biologically active equivalents 
of the native .sequence cytokines. 

Theterms"TCCRpolypeptidc","TCCR protein " and TCCR" when used herein encompass native sequence 
TCCR and TCCR polypeptide variants (which are further defined herein). The TCCR polypeptide may be isolated 
from a variety of sources, such as from human tissue types or from another source, or prepared by recombinant and/or 

30 synthetic methods. 

A "native sequence TCCR" comprises a polypeptide having the same amino acid sequence as a TCCR 
polypeptide derived from nature. Such native sequence TCCR can be isolated from nature or can be produced by 
recombinant and/or synthetic means. ITie term "native sequence TCCR" specifically encompasses naturally-occurring 
truncated or secreted forms [e.g., an extracellular domain sequence ), naturally-occurring truncated forms {e.g., 
35 alternatively spliced forms) and naturally-occurring allelic variants of the TCCR. In one embodiment of the invention, 
the native sequence human TCCR is a mature or full-length native sequence TCCR comprising amino acids 1 to 636 
of Figure 3 (SEQ ID NO: 1 ). Similarly, the native sequence murine TCCR is a mature or full-length native sequence 
TCCR comprising amino acid 1 to 623 of Figure 4 (SEQ ID N0:2). Also, while the TCCR polypeptides disclosed in 
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Figure 3 (SEQ ED NO: 1 ) and Figure 4 (SEQ ID NO:2) is shown to begin with the methionine residue designated herein 
as amino acid position 1, it is conceivable and possible that another methionine residue located either upstream or 
downstream from amino acid position 1 in Figure 3 (SEQ ID NO: 1) or Figure 4 (SEQ ID NO:2) may be employed as 
the starting amino acid residue for the TCCR polypeptide. 
5 The "TCCR polypeptide extracellular domain" or "TCCR ECD" refers to a form of the TCCR polypeptide 

which is essentially free of the transmembrane and cytoplasmic domains. Ordinarily, a TCCR polypeptide ECD will 
have less than about 1% of such transmembrane and/or cytoplamic domains and preferably, will have less than about 
0.5% of such domains. It will be understood that any transmembrane domain(s) identified for the TCCR polypeptides 
of the present invention are identified pursuant to criteria routinely employed in the art for identifying that type of 

10 hydrophobic domain. The exact boundaries of a transmembrane domain may vary but most likely be no more than 
about 5 amino acids at either end of the domain as initially identified. As such, in one embodiment of the present 
invention, the extracellular domain of a human TCCR polypeptide comprises amino acids I or about 33 toX| wherein 
Xj is any amino acid residue from residue 51 2 to residue 522 of Figure 3 (SEQ ID NO;]). Similarly, the extracellular 
domain of the murine TCCR polypeptide comprises amino acids 1 or about 25 to X2 wherein X2 is any amino acid 

15 residues from residue 509 to residue 519 of Figure 4 (SEQ ID N0:2). 

"TCCR variant polypeptide" means an active TCCR polypeptide as defined below having at least about 
80% amino acid sequence identity with the amino acid sequence of: (aj) residue 1 or about 33 to 636 of the human 
TCCR polypeptide shown in Figure 3 (SEQ ID NO; I); (aj) residue 1 or about 25 to 623 of the murine TCCR 
polypeptide shown in Figure 4 (SEQ ID NO:2); (b,) X3 to 636 of the human TCCR polypeptide shown in Figure 3 

20 (SEQ ID NO: 1), wherein X3 is any amino acid residue 27 to 37 of Figure 3 (SEQ ID NO:l); (bj) X4 to 623 of the 
murine TCCR polypeptide shown in Figure 4 (SEQ ID N0:2), wherein X4 is any amino acid residue from 20 to 30 
of Figure 4 (SEQ ID NO:2); (C|) 1 or about 33 to X,, wherein X, is any amino acid residue from residue 512 to 
residue 522 and of Figure 3 (SEQ ID N0:1); (Cj) 1 or about 25 to Xj, wherein Xj is any amino acid residue from 
residue 509 to 5 1 9 of Figure 4 (SEQ ID N0:2); (d, ) X5 to 636, wherein X5 is any amino acid from residue 533 to 543 

25 of Figure 3 (SEQ ID NO: 1 ); (dj) Xg to 623, wherein Xg is any amino acid from residue 527 to 537 of Figure 4 (SEQ 
ID NO: 2) or (e) another specifically derived fragment of the amino acid sequences shown in Figure 3 (SEQ ID NO: 1 ) 
and in Figure 4 (SEQ ID NO:2). 

Such TCCR variant polypeptides include, for instance, TCCR polypeptides wherein one or more amino acid 
residues are added, or deleted, at the N- and/or C-terminus, as well as within one or more internal domains, of the 

30 sequence of Figure 3 (SEQ ID NO: 1 ) and Figure 4 (SEQ ID N0:2). Ordinarily, a TCCR variant polypeptide will have 
at least about 80% amino acid sequence identity, more preferably at least about 81% amino acids sequence identity, 
more preferably at least about 82% amino acid sequence identity, more preferably at least about 83% amino acid 
sequence identity, more preferably at least about 84% amino acid sequence identity, more preferably at least about 
85% amino acid sequence identity, more preferably at least about 86% amino acid sequence identity, more preferably 

35 at least about 87% amino acid sequence identity, more preferably at least about 88% amino acid sequence identity, 
more preferably at least about 89% amino acid sequence identity, more preferably at least about 90% amino acid 
sequence identity, more preferably at least about 91% amino acid sequence identity, more preferably at least about 
92% amino acid sequence identity, more preferably at least about 93% amino acid sequence identity, more preferably 



12 



wo 01/29070 PCT/USOO/28827 
ai least about 94% amino acid sequence identity, more preferably at least about 95% amino acid sequence identity, 
more preferably at least about 96% amino acid sequence identity, more preferably at least about 97% amino acid 
sequence identity, more preferably at least about 98% amino acid sequence identity, more preferably at least about 99% 
amino acid sequence identity with; (a,) residue 1 or about 33 to 636 of the human TCCR polypeptide shown in 
5 Figure 3 (SEQ ID NO: 1); (aj) residue 1 or about 25 to 623 of the murine TCCR polypeptide shown in Figure 4 (SEQ 
ID N0:2); (b,) X3 to 636 of the human TCCR polypeptide shown in Figure 3 (SEQ ID N0:1), wherein X3 is any 
amino acid residue 27 to 37 of Figure 3 (SEQ ID NO: 1 ); (bj) X4 to 623 of the murine TCCR polypeptide shown in 
Figure 4 (SEQ ID N0:2), wherein X4 is any amino acid residue from 20 to 30 of Figure 4 (SEQ ID N0:2); (cj) 1 or 
about 33 to X ] wherein X | is any amino acid residue from residue 51 2 to residue 522 and of Figure 3 (SEQ ID NO: 1 ); 

10 (C2) 1 or about 25 to X2, wherein X2 is any amino acid residue from residue 509 to 519 of Figure 4 (SEQ ID N0:2); 
(d,) X5 10 636, wherein X5 Is any amino acid from residue 533 to 543 of Figure 3 (SEQ ID NO:!); (d2) Xg to 623, 
wherein X^ is any amino acid from residue 527 to 537 of Figure 4 (SEQ ID N0:2) or (c) another specifically derived 
fragment of the amino acid sequences shown in Figure 3 (SEQ ID N0:1) and in Figure 4 (SEQ ID N0:2). 

TCCR variant polypeptides are at least about 10 amino acids in length, often at least about 20 amino acids 

15 in length, more ol'ten at least about 30 amino acids m length, more ol'tcn at least about 40 amino acids in length, 
more often at least about 50 amino acids in length, more often at least about 60 amino acids in length, more often at 
least about 70 amino acids in length, more often at least about 80 amino acids in length, more often at least about 90 
amino acids in length, more often at least about 100 amino acids in length, more often at least about 150 amino acids 
in length, more often at least about 200 amino acids in length, more often at least about 250 amino acids in length, more 

20 often at least about 300 amino acids in length, more often at least about 400 amino acids in length, more often at least 
about 500 amino acids in length, more often at least about 600 amino acids in length, or more. 

"Percent (%) amino acid sequence identity" with respect to the polypeptide sequences identified herein is 
defined as the percentage of amino acid residues in a candidate sequence that are identical with the amino acid 
residues in a sequence of the TCCR polypeptides, after aligning the sequences and introducing gaps, if necessary, to 

25 achieve the maximum percent sequence identity, and not considering any conservative substitutions as part of the 
sequence identity. Alignment for purposes of determining percent amino acid sequence identity can be achieved in 
various ways that are within the skill in the art, for instance, using publicly available computer software such as 
BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) soltware. Those skilled in the art can determine 
appropriate parameters for measuring alignment, including any algorithms needed to achieve maximal alignment over 

30 the full-length of the sequences being compared. For purposes herein, however, % amino acid sequence identity 
values are obtained as described below by using the sequence comparison computer program ALIGN-2, wherein the 
complete source code for the ALIGN-2 program is provided in Table 3(A-Q). The ALIGN-2 sequence comparison 
computer program was authored by Genentech, Inc. and the source code shown in Table 3(A-Q) has been filed with 
user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S. 

35 CopyrightRcgistrationNo.TXU51C087. The ALIGN-2 program is publicly available through Genentech, Inc., South 
San Francisco, California or may be compiled from the source code provided in Table 3(A-Q). The ALIGN-2 
program should be compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. All sequence 
comparison parameters are set by the ALIGN-2 program and do not vary. 
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For puiposes herein, the % amino acid sequence identity of a given amino acid sequence A to, with, or 
against a given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A that has 
or comprises a certain % amino acid sequence identity to, with, or against a given amino acid sequence B) is 
calculated as follows: 

5 

100 times the fraction XA" 

where X is the number of amino acid residues scored as identical matches by the sequence alignment program 
ALIGN-2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It 
will be appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence 
B, the % amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As 
examples of % amino acid sequence identity calculations. Table 2(A-B) demonstrate how to calculate the % amino acid 
sequence identity of the amino acid sequence designated "Comparison Protein" to* the amino acid sequence designated 
"PRO". 

Unless specifically stated otherwise, all % amino acid sequence identity values used herein are obtained as 
described above using the ALIGN-2 sequence comparison computer program. However, % amino acid .sequence 
identity may also be determined using the sequence comparison program NCBI-BLAST2 (Altschul et al. Nucleic 
Acids Res. 25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be downloaded from 
http://www.ncbi.nlm.nih.gov or otherwise obtained from the National Institutes of Health, Bethesda, MD, USA 
20892. NCBI-BLAST2 uses several search parameters, wherein all of those search parameters are set to default 
values including, for example, unmask = yes, strand = all, expected occurrences = 10, minimum low complexity length 
= 15/5, multi-pass e- value = 0.01, constant for multi-pass = 25, dropoff for final gapped alignment = 25 and scoring 
matrix = BLOSUM62. 

In situations where NCBI-BLAST2 is employed for amino acid sequence comparisons, the % amino acid 
sequence identity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which can 
alternatively be phrased as a given amino acid sequence A that has or comprises a certain % amino acid sequence 
identity to, with, or against a given amino acid sequence B) is calculated as follows: 

100 times the fraction X/Y 
30 

where X is the number of amino acid residues scored as identical matches by the sequence alignment program NCBI- 
BLAST2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It will 
be appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the 
% amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. 
35 Also included within the term "polypeptides of the invention" are polypeptides which in the context of the 

amino acid sequence identity comparisons performed as described above, include amino acid residues in the 
sequences compared that are not only identical, but also those that have similar properties. These polypeptides are 
termed 'positives '. Amino acid residues that score a positive value to an amino acid residue of interest are those that 
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are either identical to the amino acid residue of interest or are a preferred substitution (as defined in Table I below) 
of the amino acid residue of interest. For purposes herein, the % value of positives of a given amino acid sequence A 
to, with, or against a given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence 
A that has or comprises a certain % positives to, with, or against a given amino acid sequence B) is calculated as 
5 follows: 

100 times the fraction XA' 

where X is the number of amino acid residues scoiing a positive value as defined above by the sequence 

1 0 alignment program ALIGN-2 in that program's alignment of A and B, and where Y is the total number of amino acid 
residues in B. It will be appreciated that where the length of amino acid sequence A is not equal to the length of amino 
acid sequence B, the % positives of A to B will not equal the % positives of B to A. 

"TCCR variant polynucleotide" or "TCCR variant nucleic acid sequence" means a nucleic acid molecule 
which encodes an active TCCR polypeptide as defined below and which has at least about 80% nucleic acid sequence 

1 5 identity with a nucleic acid sequence which encodes: (a,) amino acid residues 1 or about 33 to 636 of the human TCCR 
polypeptide shown in Figure 3 (SEQ ID NO:l); (32) amino acid residues 1 or about 25 to 623 of the murine TCCR 
polypeptide shown in Figure 4 (SEQ ID N0:2); (bi) amino acids X3 to 636 of the TCCR polypeptide shown in Figure 
3 (SEQ ID NO: 1 ), wherein X3 is any amino acid residue from 27 to 37 of Figure 3 (SEQ ID NO: 1 ); (b2) amino acids 
X4 to 623 of the TCCR polypeptide shown in Figure 4 (SEQ ID NO:2), wherein X4 is any amino acid residue from 

20 20 to 30 of Figure 4 (SEQ ID NO: 2); (c,) amino acids 1 or about 33 toX, wherein X, is any amino acid residue from 
residue 51 2 to residue 522 and of Figure 3 (SEQ ID NO:l); (cj) amino acids 1 or about 25 to Xj, wherein Xj is any 
amino acid residue from residue 509 to 5 19 of Figure 4 (SEQ ID N0:2); (d,) amino acids X5 to 636, wherein X5 is 
any amino acid from residue 533 to 543 of Figure 3 (SEQ ID NO: 1 ); (d2) amino acids to 623, wherein X^ is any 
amino acid from residue 527 to 537 of Figure 4 (SEQ ID N0:2); or (e) a nucleic acid sequence which encodes another 

25 specifically derived fragment of the amino acid sequence shown in Figure 3 (SEQ ID N0:1) or Figure 4 (SEQ ID 
N0:2). Ordinarily, a TCCR variant polynucleotide will have at least about 80% nucleic acid sequence identity, more 
preferably at least about 81% nucleic acid sequence identity, more preferably at least about 82% nucleic acid 
sequence identity, more preferably at least about 83% nucleic acid sequence identity, more preferably at least about 
84% nucleic acid sequence identity, more preferably at least about 85% nucleic acid sequence identity, more 

30 preferably at least about 86% nucleic acid sequence identity, more preferably at least about 87% nucleic acid sequence 
identity, more preferably at least about 88% nucleic acid sequence identity, more preferably at least about 89% nucleic 
acid sequence identity, more preferably at least about 90% nucleic acid sequence identity, more preferably at least 
about 91% nucleic acid sequence identity, more preferably at least about 92% nucleic acid sequence identity, more 
preferably at least about 93% nucleic acid sequence identity, more preferably at least about 94% nucleic acid 

35 sequence identity, more preferably at least about 95% nucleic acid sequence identity, more preferably at least about 
96% nucleic acid sequence identity, more preferably at least about 97% nucleic acid sequence identity, more 
preferably at least about 98% nucleic acid sequence identity and yet more preferably at least about 99% nucleic acid 
sequence identity with a nucleic acid sequence encoding amino acid residues: (aj) 1 or about 33 to 636 of the human 
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TCCR polypeptide shown in Figure 3 (SEQ ID NO:l); {&2) 1 or about 25 to 623 of the murine TCCR polypeptide 
shown in Figure 4 (SEQ ID N0:2); (b,) X3 to 636 of the human TCCR polypeptide shown in Figure 3 (SEQ ID 
NO:l), wherein X3 is any amino acid residue 27 to 37 of Figure 3 (SEQ ID NO:l); (b2) X4 to 623 of the murine 
TCCR polypeptide shown in Figure 4 (SEQ ID N0:2), wherein X4 is any amino acid residue from 20 to 30 of Figure 
5 4 (SEQ ID N0:2); (c,) 1 or about 33 to X,, wherein X, is any amino acid residue from residue 512 to residue 522 
and of Figure 3 (SEQ ID NO: 1 ); (Cj) 1 or about 25 to Xj, wherein X2 is any amino acid residue from residue 509 to 
519 of Figure 4 (SEQ ID N0:2); (d,) X5 to 636, wherein X5 is any amino acid from residue 533 to 543 of Figure 3 
(SEQ ID NO: 1 ); (dj ) Xg to 623, wherein Xg is any amino acid from residue 527 to 537 of Figure 4 (SEQ ID N0;2) 
or (e) another specifically derived fragment of the amino acid sequences shown in Figure 3 (SEQ ID NO:l) and in 

10 Figure 4 (SEQ ID NO:2). 

Ordinarily, TCCR variant polynucleotides are at least about 30 nucleotides in length, often at least about 60 
nucleotides in length, more often at least about 90 nucleotides in length, more often at least about 120 nucleotides in 
length, more often at least about 150 nucleotides in length, more often at least about 180 nucleotides in length, more 
often at least about 210 nucleotides in length, more often at least about 240 nucleotides in length, more often at least 

15 about 270 nucleotides in length, more often at least about 300 nucleotides in length, more often at least about 450 
nucleotides in length, more often at least about 600 nucleotides in length, more often at least about 900 nucleotides 
in length, or more. 

"Percent (%) nucleic acid sequence identity" with respect to the TCCR polypeptide-encoding nucleic acid 
sequences identified herein is defined as the percentage of nucleotides in a candidate sequence tiiat are identical with 

20 the nucleotides in an invention polypeptide-encoding sequence of interest, after aligning the sequences and introducing 
gaps, if necessary, to achieve the maximum percent sequence identity. Alignment for purposes of determining percent 
nucleic acid sequence identity can be achieved in various ways that are within the skill in the art, lor instance, using 
publicly available computer software such as BLAST. BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) 
software. Those skilled in the art can determine appropriate parameters for measuring alignment, including any 

25 algorithms needed to achieve maximal alignment over the full-length of the sequences being compared. For purposes 
herein, however, % nucleic acid sequence identity values arc obtained as described below by using the sequence 
comparison computer program ALIGN-2, wherein the complete source code for the ALIGN-2 program is provided 
in Table 3(A-Q). The ALIGN-2 sequence comparison computer program was authored by Genentech, Inc. and the 
source code shown in Table 3(A-Q) has been filed with user documentation in the U.S. Copyright Office, Washington 

30 D.C., 20559, where it is registered under U.S. Copyright Registration No. TXU510087. Hie ALIGN-2 program is 
publicly available through Genentech, Inc., South San Francisco, California or may be compiled from the source code 
provided in Table 3(A-Q). The ALIGN-2 program should be compiled for use on a UNIX operating system, preferably 
digital UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2 program and do not vary. 

For purposes herein, the % nucleic acid sequence identity of a given nucleic acid sequence C to, with, or 

35 against a given nucleic acid sequence D (which can alternatively be phrased as a given nucleic acid sequence C that 
has or comprises a certain % nucleic acid sequence identity to, with, or against a given nucleic acid sequence D) is 
calculated as follows: 
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where W is the number of nucleotides scored as identical matches by the sequence alignment program ALIGN-2 in 
that program's alignment of C and D, and where Z is the total number of nucleotides in D. It will be appreciated that 
5 where the length of nucleic acid sequence C is not equal to the length of nucleic acid sequence D, the % nucleic acid 

sequence identity of C to D will not equal the % nucleic acid sequence identity of D to C. As examples of % nucleic 
acid sequence identity calculations. Table 2(C-D) demonstrates how to calculate the % nucleic acid sequence identity 
of the nucleic acid sequence designated "Comparison DNA" to the nucleic acid sequence designated "PRO-DNA". 

Unless specifically stated otherwise, all % nucleic acid sequence identity values used herein are obtained as 

10 described above using the ALlGN-2 sequence comparison computer program. However, % nucleic acid sequence 
identity may also be determined using the sequence comparison program NCBI-BLAST2 (Altschul etal., Nucleic 
Acids Res. 25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be downloaded from 
http://www.ncbi.nlm.nih.gov. or otherwise obtained from the National Institutes of Health, Bethesda, MD USA 20892. 
NCBI-BLAST2 uses several search parameters, wherein all of those .search parameters arc set to default values 

1 5 including, for example, unmask = yes, strand = all, expected occurrences = 10, minimum low complexity length =15/5, 
multi-pass e-value = 0.01 , constant for multi-pass = 25, dropoff for final gapped alignment = 25 and scoring matrix = 
BLOSUM62. 

In situations where NCBI-BLAST2 is employed for sequence comparisons, the % nucleic acid sequence 
identity of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence D (which can alternatively 
20 be phrased as a given nucleic acid sequence C that has or comprises a certain % nucleic acid sequence identity to, 
with, or against a given nucleic acid sequence D) is calculated as follows: 

100 times the fraction W/7 

25 where W is the number of nucleotides scored as identical matches by the sequence alignment program NCBI- 
BLAST2 in that program's alignment of C and D, and where Z is the total number of nucleotides in D. It will be 
appreciated that where the length of nucleic acid sequence C is not equal to the length of nucleic acid sequence D, 
the % nucleic acid sequence identity of C to D will not equal the % nucleic acid sequence identity of D to C. 

In other embodiments, TCCR variant polynucleotides are nucleic acid molecules that encode an active 
30 polypeptide of the invention and which are capable of hybridizing, preferably under stringent hybridization and 
wash conditions, to nucleotide sequences encoding the full-length invention polypeptide. Invention variant 
polypeptides include those that are encoded by an invention variant polynucleotide. 

The term "positives", in the context of the amino acid sequence identity comparisons performed as 
described above, includes amino acid residues in the sequences compared that are not only identical, but also those 
35 that have similar properties. Amino acid residues that score a positive value to an amino acid residue of interest are 
those that are either identical to the amino acid residues of interest or are a preferred substitution (as defined in 
Table I below) of the amino acid residue of interest. 

For purposes herein, the % value of positives of a given amino acid sequence A to, with, or against a 
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given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A that has or 
comprises a certain % positives to, with, or against a given amino acid sequence B) is calculated as follows: 



1 00 times the fraction X/Y 

5 

where X is the number of amino acid residues scoring a positive value as defined above by the sequence 
alignment program ALIGN-2 in that program's alignment of A and B, and where Y is the total number of amino acids 
residues in B. It will be appreciated that where the length of amino acid sequence A is not equal to the length of amino 
acid sequence B, the % positives of A to B will not equal the % posidves of B to A. 

10 "Isolated," when used to describe the various polypeptides disclosed herein, means polypeptide that has 

been identified and separated and/or recovered from a component of its natural environment. Preferably, the isolated 
polypeptide is free of association with all components with which it is naturally associated. Contaminant components 
of its natural environment are materials thai would typically interfere with diagnostic or therapeutic uses for the 
polypeptide, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous solutes. In 

1 5 preferred embodiments, the polypeptide will be purified ( 1 ) lo a degree sufficient to obtain at least 1 5 residues of N- 
terminal or internal amino acid sequence by use of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE 
under non-reducing or reducing conditions using Coomassie blue or, preferably, silver stain. Isolated polypeptide 
includes polypeptide in situ within recombinant cells, since at least one component of the TCCR natural environment 
will not be present. Ordinarily, however, isolated polypeptide will be prepared by at least one purification step. 

20 An "isolated" nucleic acid molecule encoding a TCCR polypeptide is a nucleic acid molecule that 

is identified and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated 
in the natural source of the TCCR-encoding nucleic acid. Preferably, the isolated nucleic acid is free of association 
with all components with which it is naturally associated. An isolated TCCR-cncoding nucleic acid molecule is other 
than in tfie form or setting in which it is found in nature. Isolated nucleic acid molecules tiierefore are distinguished 

25 from the TCCR-encoding nucleic acid molecule as it exists in natural cells. However, an isolated nucleic acid molecule 
encoding a TCCR polypeptide includes TCCR-encoding nucleic acid molecules contained in cells tfiat ordinarily 
express TCCR where, for example, tiie nucleic acid molecule is in a chromosomal location different from tiiat of 
natural cells. 

The term "control sequences" refers to DNA sequences necessary for tiie expression of an operably Unked 
30 coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells are known to 
utilize, for example, promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic acid 
sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a polypeptide if it 
35 is expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is operably 
linked to a coding sequence if it affects the transcription of the sequence; or a ribosome binding site is operably linked 
to a coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that the 
DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in the same 
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reading frame. However, enhancers do not have to be contiguous. Linking is accomplished by ligation at convenient 
restriction sites. If such sites do not exist, synthetic oligonucleotide adaptors or linkers are used in accordance with 
conventional practice. 

The term "antibody" is used in the broadest sense and specifically covers, for example, single anli-TCCR 
monoclonal antibodies (including agonist, antagonist, and neutralizing antibodies), anti-TCCR antibody compositions 
with polyepitopic specificity, single chain anti-TCCR antibodies, and fragments of anti-TCCR antibodies (see below). 
The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor amounts, 

"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art, and 
generally is an empirical calculation dependent upon probe length, washing temperature, and salt concentration. In 
general, longer probes require higher temperatures for proper annealing, while shorter probes need lower 
temperatures. Hybridization generally depends on the ability of denatured DNA to reanneal when complementary 
strands are present in an environment below their melting temperature. The higher the degree of desired homology 
between the probe and hybridizable sequence, the higher the relative temperature which can be used. As a result, it 
follows that higher relative temperatures would tend to make the reaction conditions more stringent, while lower 
temperatures less so. For additional details and explanation of stringency of hybridization reactions, see Ausubel et 
al, Current Protocols in Molecular Biology, Wiley Interscience Publishers, (1995). 

"Stringent conditions" or "high stringency conditions", as defined herein, may be identified by those that: (1) 
employ low ionic strength and high temperature for washing, for example 0.0 1 5 M sodium chloride/0.00 1 5 M sodium 
citrate/0. 1 % sodium dodecyl sulfate at 50°C; (2) employ during hybridization a denaturing agent, such as formamide, 
for example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1 % Ficoll/0.1% polyvinylpyrrolidone/50mM 
sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 niM sodium citrate at 42°C; or (3) employ 50% 
formamide, 5 x SSC (0.75 M NaCI, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% .sodium 
pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 ug/ml), 0. 1 % SDS, and 10% dextran sulfate 
at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) and 50% formamide at 55^, followed 
by a high-stringency wash consisting of 0.1 x SSC containing EDTA at 55°C. 

"Moderately stringent conditions" may be identified as described by Sambrook et al. Molecular Cloning: A 
Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and include the use of washing solution and 
hybridization conditions {e.g. , temperature, ionic strength and %SDS) less sUnngcnt that those described above. In one 
embodiment, moderately stringent conditions involve overnight incubation at 37°C in a solution comprising: 20% 
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt's 
solution, 10% dextran sulfate, and 20 mg/mL denatured sheared salmon sperm DNA, followed by washing the filters 
in 1 X SSC at about 37-50°C. The skilled artisan will recognize how to adjust the temperature, ionic strength, etc. as 
necessary to accommodate factors such as probe length and the like. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising a polypeptide of 
the invention fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope against which 
an antibody can be made, yet is short enough such that it does not interfere with the activity of the polypeptide to 
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which it is fused. The tag polypeptide preferably also is fairly unique so that the antibody does not substantially cross- 
react with other epitopes. Suitable tag polypeptides generally have at least six amino acid residues and usually 
between about 8 and 50 amino acid residues (preferably, between about 10 and 20 amino acid residues). 

"Active" or "activity" for purposes herein refers to form(s) of proteins of the invention which retain the 
5 biologic and/or immunologic activities of a native or naturally-occurring TCCR polypeptide, wherein "biological" 
activity refers to a biological function (either inhibitory or stimulatory) caused by a native or naturally-occurring 
TCCR other than the ability to serve as an antigen in the production of an antibody against an antigenic epitope 
possessed by a native or naturally-occurring polypeptide of the invention. Similarly, an "immunological" activity 
refers to the ability to serve as an antigen in the production of an antibody against an antigenic epitope possessed by 
10 a native or naturally-occurring polypeptide of the invention. 

"Biological activity" in the context of an antibody or another molecule that can be identified by the screening 
assays disclosed herein {e.g. an organic or inorganic small molecule, peptide, etc.) is used to refer to the ability of such 
molecules to induce or inhibit infiltration of inflammatory cells into a tissue, to stimulate or inhibit T-ccll 
proliferation or activation and to stimulate or inhibit cytokine release by cells. Another preferred activity is increased 
1 5 vascular permeability or the inhibition thereof. The most preferred activity is the modulation of the nil/Th2 response 
{e.g., a decreased Thi and/or elevated Th2 response, a decreased Th2 and/or elevated Thl response). 

The term "modulation" or "modulating" means the upregulation, downregulation or alteration of the 
physiology effected by the differentiation of T-cells into the Thl and Th2 subsets (e.g., cytokine release profiles). 
Cellular processes within the intended scope of the term may include, but are not limited to: transcription of specific 
20 genes; normal cellular functions, such as metabolism, proliferation, differentiations, adhesion, signal transduction, 
apoptosis and survival, and abnormal cellular processes such as transformation, blocking of differentiation and 
metastasis. 

The term "antagonist" is used in the broadest sense, and includes any molecule that partially or fully blocks, 
inhibits, or neutralizes a biological activity of a native sequence TCCR polypeptide of the invention disclosed herein 

25 {e.g., downregulation of a Thl/Th2 cellular function). In a similar manner, the term "agonist" is used in the broadest 
sense and includes any molecule that mimics, enhances or stimulates a biological activity of a native sequence TCCR 
polypeptide oflhe invention disclosed herein. Suitable agonist or antagonist molecules specifically include agonist or 
antagonist antibodies or antibody fragments, fragments or amino acid sequence variants of native polypeptides of the 
invention, peptides, small organic molecules, etc. Methods for identifying agonists or antagonists of a TCCR 

30 polypeptide may comprise contacting a TCCR polypeptide with a candidate agonist or antagonist molecule and 
measuring a detectable change in one or more biological activities normally associated with the TCCR polypeptide 
(e.g., upregulation/downregulation of a Thl/Th2 cellular function or effect). 

A "small molecule" is defined herein to have a molecular weight below about 500 daltons, and is generally 
an organic compound. 

35 "Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the same general structural 

characteristics. While antibodies exhibit binding specificity to a specific antigen, immunoglobulins include both 
antibodies and other antibody-like molecules which lack antigen specificity. Polypeptides of the latter kind are, for 
example, produced at low levels by the lymph system and at increased levels by myelomas. TTie term "antibody" is 
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used in the broadest sense and specifically covers, for example, single anti-TCCR monoclonal antibodies (including 
agonist, antagonist, and neutralizing antibodies), anti-TCCR antibody compositions with polyepitopic specificity, single 
chain anti-TCCR antibodies, and fragments of anti-TCCR antibodies (see below). The term "monoclonal antibody" 
as used herein refers to an antibody obtained from a population of substantially homogeneous antibodies, i.e., the 
5 individual antibodies comprising the population are identical except for possible naturally-occurring mutations that 
may be present in minor amounts. The antibody may bind to any domain of the polypeptide of the invention which 
may be contacted by the antibody. Forexampic, the antibody may bind to any extracellular domainofthe polypeptide 
and when the entire polypeptide is secreted, to any domain on the polypeptide which is available to the antibody tor 
binding. 

10 "Native antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins of about 

150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain is 
linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies among the heavy 
chains of different immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain 
disulfide bridges. Each heavy chain has at one end a variable domain (V^) followed by a number of constant 

1 5 domains. Each light chain has a variable domain at one end (V^) and a constant domain at its other end; the constant 
domain of the light chain is aligned with the first constant domain of the heavy chain, and the light-chain variable 
domain is aligned with the variable domain of the heavy chain. Particular amino acid residues are believed to form an 
interface between the light- and heavy-chain variable domains. 

The term "variable" refers to the fact that certain portions of the variable domains differ extensively in 

20 .sequence among antibodies and arc used in the binding and specificity of each particular antibody for its particular 
antigen. However, the variability is not evenly distributed throughout the variable domains of antibodies. It is 
concentrated in three or four segments called "complementarity-deteiTnining regions" (CDRs) or "hypervariable 
regions" in both the light-chain and the heavy-chain variable domains. There are at least two (2) techniques for 
determining CDRs; (I) an approach based on cros.s species sequence variability (i.e., Kabat et ai. Sequences of 

25 Proteins of immunological Interest (National Institute of Health, Bethesda, MD 1987); and (2) an approach based on 
crystallographic studies of antigen-antibody complexes (Chothia, C. el al. , Nature 342: 877 ( 1 989)). However, to the 
extent that the two techniques describe different residues they can be combined to define a hybrid CDR. 

The more highly conserved portions of variable domains are called the framework (FR). The variable 
domains of native heavy and light chains each comprise four or five FR regions, largely adopting a P-sheet 

30 configuration, connected by the CDRs, which form loops connecting, and in some cases forming part of, the P-sheet 
structure. Hie CDRs in each chain are held together in close proximity by the FR regions and, with the CDRs from 
the other chain, contribute to the formation of the antigen-binding site of antibodies (see Kabat et al, NIH Publ. 
No.9 1-3242, Vol. 1, pages 647-669 (1991)). The constant domains are not involved directly in binding an antibody 
to an antigen, but exhibit various effector functions, such as participation of the antibody in antibody-dependent cellular 

35 toxicity. 

"Antibody fragments" comprise a portion of an intact antibody, preferably the antigen binding or variable 
region of the intact antibody. Examples of antibody fragments include Fab, Fab', F(ab')2, and Fv fragments; diabodies; 
linear antibodies (Zapata et al. , Protein Eng. 8(10): 1057-1062 [1995]); single-chain antibody molecules; and 
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multispecific antibodies formed from antibody ftagments. 

Papain digestion of antibodies produces two identical antigen- binding fragments, called "Fab" fragments, 
each with a single antigen-binding site, and a residual "Fc ' fragment, whose name reflects its ability to crystallize 
readily. Pepsin treatment yields an F(ab')2 fragment that has two antigen-combining sites and is still capable of cross- 
5 linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding site. 
This region consists of a dimer of one heavy- and one light-chain variable domain in tight, non-covalent association. 
It is in this configuration that the three CDRs of each variable domain interact to define an antigen-binding site on the 
surface of the Vf^-V^ dimer. Collectively, the six CDRs confer antigen-binding specificity to the antibody. However, 
10 even a single variable domain (or half of an Fv comprising only three CDRs specific for an antigen) has the ability to 
recognize and bind antigen, although at a lower affinity than the entire binding site. 

The Fab fragment also contains the constant domain of the light chain and the first constant domain (CH I ) 
of the heavy chain. Fab' fragments differ from Fab fragments by the addition of a few residues at the carboxy terminus 
of the heavy chain CHI domain including one or more cysteines from the antibody hinge region. Fab-SH is the 
15 designation herein for Fab' in which the cysteine residue(s) of the constant domains bear a free thiol group. F(ab')2 
antibody fragments originally were produced as pairs of Fab' fragments which have hinge cysteines between them. 
Other chemical couplings of antibody fragments are also known. 

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be assigned to one of two 
clearly distinct types, called kappa (k) and lambda (k), based on the amino acid sequences of their constant domains. 
20 Depending on the amino acid sequence of the constant domain of their heavy chains, immunoglobulins can 

be assigned to different classes. There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and 
several of these may be further divided into subclasses (isotypes), e.g., IgGl , IgG2, IgG3, IgG4, IgA, and IgA2. The 
heavy-chain constant domains that correspond to the different classes of immunoglobulins are called a, 5, e, y, and 
H, respectively. The subunit structures and three-dimensional configurations of dilTerent classes of immunoglobulins 
25 are well known. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a population of 
substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical except for 
possible naturally occurring mutations that may be present in minor amounts. Monoclonal antibodies are highly 
specific, being directed against a single antigenic site. Furthermore, in contrast to conventional (polyclonal) antibody 

30 preparations which typically include different antibodies directed against different determinants (epitopes), each 
monoclonal antibody is directed against a single determinant on the antigen. In addition to their specificity, the 
monoclonal antibodies are advantageous in that they are synthesized by the hybridoma culture, uncontaminated by 
other immunoglobuUns. The modifier "monoclonal" indicates the character of the antibody as being obtained from a 
substantially homogeneous population of antibodies, and is not to be construed as requiring production of the antibody 

35 by any particular method. For example, the monoclonal antibodies to be used in accordance with the present invention 
may be made by the hybridoma method first described by Kohler etaL, Nature, 256:495 [1975], or may be made by 
recombinant DNA methods (see, e.g., U.S. Patent No. 4,81 6,567). The "monoclonal antibodies" may also be isolated 
from phage antibody libraries using the techniques described in Clackson et ai. Nature 352:624-628 (1991) and 
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Marks efaZ., / MoL Biol. 222:581-597 (1991), for example. See also U.S PatentNos. 5,750,373, 5,571,698, 5,403,484 
and 5,223,409 which describe the preparation of antibodies using phagemid and phage vectors. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) in which a 
portion of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies 
5 derived from a particular species or belonging to a particular antibody class or subclass, while the remainder of the 
chain(s) is identical with or homologous to corresponding sequences in antibodies derived from another species or 
belonging to another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 
desired biological activity (U.S. Patent No. 4,816,567; Morrison et ai, Proc. Nad. Acad. Sci. USA, 81:6851-6855 
L1984]). 

10 "Humanized" forms of non-human (e.g., murine) antibodies arc chimeric immunoglobulins, 

immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a complementarity- 
determining region (CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor 

15 antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and capacity. In some instances, Fv 
framework region (FR) residues of the human immunoglobulin are replaced by corresponding non-human residues, 
especially when those particular FR residues impact upon the conformation of the binding site and/or the antibody in 
three dimensional space. Furthermore, humanized antibodies may comprise residues which are found neither in the 
recipient antibody nor in the imported CDR or framework sequences. These modifications are made to further refine 

20 and maximize antibody performance. In general, the humanized antibody will comprise substantially all of at least one, 
and typically two, variable domains, in which all or substantially all of the CDR regions correspond to those of a non- 
human immunoglohulin and all or substantially all of the FR regions are those of ahuman immunoglobulin sequence. 
The humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin. For further details, see Jones et al, Naiure, 32 1 :522-525 (1986); 

25 Reichmannefa/., Nature, 332:323-329 [19881; and Presla. Curr. Op. Struct, fi/o/., 2:593-596 (1992). Optionally, the 
humanized antibody may also include a "primatized" antibody where the antigen-binding region of the antibody is 
derived from an antibody produced by immunizing macaque monkeys with the antigen of interest. Antibodies 
containing residues from Old World monkeys are described, for example, in U.S. Patent Nos. 5,658,570; 5,693,780; 
5,681,722; 5,750,105; and 5,756,096. 

30 Antibodies and fragments thereof in this invention also include "affinity matured" antibodies in which an 

antibody is altered to change the amino acid sequence of one or more of the CDR regions and/or the framework 
regions to alter the affinity of the antibody or fragment thereof for the antigen to which it binds. Affinity maturation 
may resuh in an increase or in a decrease in the affinity of the matured antibody for the antigen relative to the starting 
antibody. Typically, the starting antibody will be a humanized, human, chimeric or murine antibody and the affinity 

35 matured antibody will have a higher affinity than the starting antibody. During the maturation process, one or more 
of the amino acid residues in the CDRs or in the framework regions are changed to a different residue using any 
standard method. Suitable methods include point mulation.s using well known cassette mutagenesis methods (Wells 
etai.,] 985, Gene 34:3 15) or oligonucleotide mediated mutagenesis methods (Zoller et al. ,1987, Nucleic Acids Res. , 
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i0:6487-6504). Affinity maturation may also be performed using known selection methods in which many 
mutations are produced and mutants having the desired affinity are selected from a pool or library of mutants based on 
improved affinity for the antigen or ligand. Known phage display techniques can be conveniently used in this 
approach. See, for example, U.S. 5,750,373; U.S. 5,223,409, etc. 
5 Human antibodies are also with in the scope of the antibodies of the invention. Human antibodies can be 

produced using various techniques known in the art, including phage display libraries [Hoogenboom and Winter, J. 
Mol. Biol.,231-32,\ (1991); Marks et ai, J. Mol. fl/o/.. 222:581 (1991)]. The techniques of Cole etal. andBoerneref 
al. are also available for the preparation of human monoclonal antibodies (Cole et ai, Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner etal., J. Immunol., 147(l) :86-95 (1991); U. S. 5,750, 373]. 

10 Similarly, human antibodies can be made by introducing of human immunoglobulin loci into transgenic animals, 
e.g., mice in which Ihc endogenous immunoglobulin genes have been partially or completely inactivated. Upon 
challenge, human antibody production is observed, which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody repertoire. This approach is described, for example, in U.S. 
Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following scientific 

1 5 publications : Marks etal., Bio/Technology [0: 779-783 ( 1 992); Lonberg et al.. Nature 3^: 856-859 ( 1 994); Morrison, 
Nature36%: 812-1 3 (1994): FishwildefaL Nature Biotechnoloev 14: 845-51 (199e):Neubazer. Nature Biotechnoloev 
14: 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol. B: 65-93 (1995). 

"Single-chain Fv" or "sFv" antibody fragments comprise the Vj^ and Vl domains of antibody, wherein these 
domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a polypeptide 

20 linker between the Vj^ and Vl domains which enables the sFv to form the desired structure for antigen binding. For 
a review of sFv see Pluckthun in T/ie/'/tti/7naco/og3'o/Afonoc7o/ia/ Antibodies, vo\. 113,Rosenburgand Moore eds., 
Springer-Veriag, New York, pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which fragments 
comprise a heavy-chain variable domain (Vpj) connected to a light-chain variable domain (Vl) in the same 

25 polypeptide chain (Vj^ - Vl). By using a linker that is too short to allow pairing between the two domains on the same 
chain, the domains are forced to pair with the complementary domains of another chain and create two antigen- 
binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 93/1 1 161; and Hollinger et al., 
Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993). 

The term "isolated" when it refers to the various polypeptides of the invention means a polypeptide which 

30 has been identified and separated and/or recovered from a component of its natural environment. Contaminant 
components of its natural environment are materials which would interfere with diagnostic or therapeutic uses for the 
antibody, and may include enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In preferred 
embodiments, the polypeptide of the invention will be purified (1 ) to greater than 95% by weight of the compound as 
determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degree sufficient to obtain 

35 at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or, preferably, silver 
stain. Isolated compound, e.g. antibody or polypeptide, includes the compound in situ within recombinant cells since 
at least one component of the compound's natural environment will not be present. Ordinarily, however, isolated 
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compound will be prepared by at least one purification step. 

The word "label" when used herein refers to a detectable compound or composition which is conjugated 
directly or indirectly to the compound, e.g. antibody or polypeptide, so as to generate a "labelled" compound. The label 
may be detectable by itself (e.g. radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may 
5 catalyze chemical alteration of a substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the compound of the present invention can 
adhere. Examples of solid phases encompassed herein include those formed partially or entirely of glass {e.g., 
controlled pore glass), polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl alcohol and silicones. 
In certain embodiments, depending on the context, the solid phase can comprise the well of an assay plate; in others 
10 it is a purification column (e.g., an affinity chromatography coluiTui). This term also includes a discontinuous solid 
phase of discrete particles, such as those described in U.S. Patent No. 4,275,149. 

A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which 
is useful for delivery of a drug (such as the anti-ErbB2 antibodies disclosed herein and, optionally, a 
chemotherapeutic agent) to a mammal. The components of the liposome are commonly arranged in a bilayer 
i 5 formation, similar to the lipid arrangement of biological membranes. 

As used herein, the term "immunoadhesin" designates antibody-like molecules which combine the binding 
specificity of a heterologous protein (an "adhesin") with the effector functions of immunoglobulin constant doinains. 
Structurally, the immunoadhesins comprise a fusion of an amino acid sequence with the desired binding specificity 
which is other than the antigen recognition and binding site of an antibody (i.e., is "heterologous"), and an 
20 immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin molecule typically is a 
contiguous amino acid sequence comprising at least the binding site of a receptor or a ligand. TTie immunoglobulin 
constant domain sequence in the immunoadhesin may be obtained from any immunoglobulin, such as IgG-1 , IgG-2, 
IgG-3, or IgG-4 subtypes, IgA (including IgA-1 and IgA-2), IgE, IgD or IgM. 
II Compositions and IVlethods of the Invention 
25 A. Full-length TCCR Polypeptide 

The present invention provides in part a novel method tor using TCCR polypeptides to treat immune- 
related disorders, including the modulation of the differentiation of T-cells into the Thl and Th2 subtypes and to the 
treatment of the host of disorders implicated thereby. In particular, cDNAs encoding TCCR polypeptides have been 
identified, isolated and their use in the treatment of Thl -mediated and Th2-mediated disorders isdisclosed in further 
30 detail below. It is noted that TCCR defines both the native sequence molecules and variants as provided in the 
definition section, while the term hTCCR and mTCCR define the singular native sequence polypeptides shown in 
Figures 3 (SEQ ID N0:1) and 4 (SEQ ID N0:2), respectively. However, for the sake of simplicity, in the present 
specification the protein encoded by DNA41419 (hTCCR) and/or DNA120632 (mTCCR) as well as all further 
native homologues and variants included in the foregoing definition of TCCR will be referred to as "TCCR", 
35 regardless of their origin or mode of preparation. 

The predicted amino acid sequence of the proteins encoded by DNA41419 (hTCCR, SEQ ID NO:l) and 
DNA 120632 (mTCCR, SEQ ID N0:2) can be determined from the nucleotide sequence using routine skill. For the 
TCCR polypeptide and encoding nucleic acid described herein, Applicants have identified what is believed to the 
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reading frame best identifiable with the sequence information available at the time. 

Using the ALIGN-2 sequence alignment computer program referenced above, it has been found that the 
full-length native sequence hTCCR (Figure 3, SEQ ID NO: 1 ) and mTCCR (Figure 4, SEQ ID N0:2) sequence have 
a certain degree of sequence identity with the Dayhoff (GcnBank) sequences having accession numbers 475327 and 
5 7710109. 

B. TCCR Variants 

In addition to the full-length native sequence TCCR polypeptides described herein, it is contemplated that 
TCCR variants can be prepared. TCCR variants can be prepared by introducing appropriate nucleotide changes into 
the TCCR DNA, and/or by synthesis of the desired TCCR polypeptide. Those skilled in the art will appreciate that 

10 amino acid changes may alter post-translalional processes of the TCCR, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring characteristics. 

Variations in the native full-length sequence TCCR or in various domains of the polypeptide of the TCCR 
described herein, can be made, for example, using any of the techniques and guidelines for conservative and non- 
conservative mutations set forth, for instance, in U.S. Patent No. 5,364,934. Variations may be a substitution, 

15 deletion or insertion of one or more codons encoding the TCCR that results in a change in the amino acid sequence 
of the TCCR as compared with the native sequence TCCR. Optionally the variation is by substitution of at least one 
amino acid with any other amino acid in one or more of the domains of the TCCR. Guidance in determining which 
amino acid residue may be inserted, substituted or deleted without adversely affecting the desired activity may be 
found by comparing the sequence of the TCCR with that of homologous known protein molecules and minimizing 

20 the number of amino acid sequence changes made in regions of high homology. Amino acid substitutions can be the 
result of replacing one amino acid with another amino acid having similar structural and/or chemical properties, such 
as the replacement of a leucine with a serine, i.e.. conservative amino acid replacements. Insertions or deletions may 
optionally be in the range of about 1 to 5 amino acids. The variation allowed may be determined by systematically 
making insertions, deletions or substitutions of amino acids in the sequence and testing the resulting variants for 

25 activity exhibited by the full-length or mature native sequence. 

TCCR polypeptide fragments of the polypeptides of the invention are also within the scope of the invention. 
Such fragments may be tmncated at the N-terminus or C-terminus, or may lack internal residues, for example, when 
compared with a full length native protein. Certain fragments lack amino acid residues that are not essential lor a 
desired biological activity of the TCCR polypeptide. 

30 TCCR fragments may be prepared by any of a number of conventional techniques. Desired peptide 

fragments may be chemically syntiicsized. An alternative approach involves generating TCCR fragments by 
enzymatic digestion, e.g., by treating the protein with an enzyme known to cleave proteins at sites defined by 
particular amino acid residues, or by digesting the DNA with suitable restriction enzymes and isolating the desired 
fragment. Yet another suitable technique involves isolating and amplifying a DNA fragment encoding a desired 

35 polypeptide fragment, by polymerase chain reaction (PCR). Oligonucleotides that define the desired termini of the 
DNA fragment are employed at the 5 ' and 3' primers in the PCR. Preferably, polypeptide fragments share at least one 
biological and/or immunological activity with the TCCR polypeptides shown in Figure 3 (SEQ ID NO: 1 ) and Figure 
4 (SEQ ID NO:2). 
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In particular embodiments, conservative substitutions of interest are shown in Table I under the heading of 
preferred substitutions. If such substitutions result in a change in biological activity, then more substantial changes, 
denominated exemplary substitutions in Table I, or as fiirther described below in reference to amino acid classes, are 
introduced and the products screened. 
5 Table I 





Original 


Exemplary 


Preferred 




Residue 


Substitutions 


Substitutions 




Ala (A) 


val; leu; ile 


val 


10 


Arg(R) 


lys; gin; asn 


lys 




Asn (N) 


gin; his; lys; arg 


gin 




Asp(D) 


glu 


glu 




Cys (C) 


ser 


ser 




Gin (Q) 


asn 


asn 




Gly(G) 


pro; ala 


ala 




His (H) 


asn; gin; lys; arg 


arg 




He (I) 


leu; val; met; ala; phe; norleucine 


leu 




Leu(L) 


norleucine; ile; val; met; ala; phe 


ile 


20 


Lys(K) 


arg; gin; asn 


arg 




Met (M) 


leu; phe; ile 


leu 




Phe (F) 


leu; val; ile; ala; tyr 


leu 




Pro (P) 


ala 


ala 




Ser (S) 


thr 


thr 


25 


Thr(T) 




ser 




Trp(W) 




tyr 




Tyr(Y) 


trp; phe; thr; ser 


phe 




Val (V) 


ile; leu; met; phe; ala; norleucine 


leu 



30 Substantial modifications in function or immunological identity of the invention polypcplidc are 

accomplished by selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the 
polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. Naturally occurring residues are 
divided into groups based on common side-chain properties: 

35 (1) hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 

(3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 
40 (6) aromatic: trp, tyr, phe. 

Non-conservative substitutions will entail exchanging a member of one of these classes for another class. 
Such substituted residues also may be introduced into the conservative substitution sites or, more preferably, into the 
remaining (non-conserved) sites. 

The variations can be made using methods known in the art such as oligonucleotide-mediated (site- 
45 directed) mutagenesis, alanine scanning, and PGR mutagenesis. Site-directed mutagenesis [Carter etal., Nucl. Acids 
Res. , 13:433 1 (1986); ZoUer et al, Nucl. Acids /?ei., 10:6487 (1987)], cassette mutagenesis [Wells etal.. Gene, 34:3 1 5 
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(1985)], restriction selection mutagenesis [Wells etal, Philos. Trans. R. Soc. London SerA, 317:415 (1986)] or other 
known techniques can be performed on the cloned DNA to produce the variant DNA. 

Scanning amino acid analysis can also be employed to identify one or more amino acids along a contiguous 
sequence. Among the preferred scanning amino acids are relatively small, neutral amino acids. Such amino acids 
5 include alanine, glycine, serine, and cysteine. Alanine is typically a preferred scanning amino acid among this group 
because it eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-chain conformation 
of the variant [Cunningham and Wells, Science. 244: 1081-1085 (1989)]. Alanine is also typically preferred because 
it is the most common amino acid. Further, it is frequently found in both buried and exposed positions fCreighton, 
The Proteins, (W.H. Freeman &Co..N.Y.);Chothia.7. Mol. Biol. 150:1 (1976)1. Ifalanine substitution does notyield 
10 adequate amounts of variant, an isoteric amino acid can be used. 

C. Modifications of TCCR 
Covalent modifications of TCCR are included within the scope of this invention. One type of covalent 
modification includes reacting targeted amino acid residues of a TCCR polypeptide with an organic derivatizing 
agent that is capable of reacting with selected side chains or the N- or C- terminal residues of the TCCR. 
15 Dcrivatization with bifunctional agents is useful, for instance, for crosslinking the TCCR to a water-insoluble support 
matrix or surface for use in the method for purifying anti-TCCR antibodies, and vice-versa. Conmionly used 
crosslinking agents include, e.g., l,l-bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, 
for example, esters with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidyl esters such as 
3,3'-dithiobis(succinimidylpropionate), bifunctional maleimides such as bis-N-maleimido-1 ,8-octane and agents such 
20 as methyl-3-[(p-azidophenyl)dithio]propioimidate. 

Other modifications include dcamidation of glutaminyl and asparaginyl residues to the corresponding 
glutamyl and aspartyl residues, respectively, hydroxylation of proline and lysine, phosphorylation of hydroxy! groups 
of seryl or ihreonyl residues, melhylatiun of the a-arnino groups of lysine, arginine, and histidine side chains [T.E. 
Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)], 
25 acetylation of the N-terminal amine, and amidation of any C-terminal carboxyl group. 

Another type of covalent modification of the invention polypeptide included within the scope of this 
invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the native glycosylation 
pattern" is intended for purposes herein to mean deleting one or more carbohydrate moieties found in native 
sequence polypeptide (either by removing the underlying glycosylation site or by deleting the glycosylation by chemical 
30 and/or enzymatic means), and/or adding one or more glycosylation sites that are not present in the native sequence. 
In addition, the phrase includes qualitative changes in the glycosylation of the native proteins, involving a change in 
the nature and proportions of the various carbohydrate moieties present 

Addition of glycosylation sites to the polypeptide may be accomplished by altering the amino acid sequence. 
The alteration may be made, for example, by the addition of, or substitution by, one or more serine or threonine 
35 residues to the native sequence polypeptide (for 0-linked glycosylation sites). The amino acid sequence may 
optionally be altered through changes at the DNA level, particularly by mutating the DNA encoding the polypeptide 
at preselected bases such that codons are generated that will translate into the desired amino acids. 
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Another means of increasing the number of carbohydrate moieties onlhe polypeptide of the invention is 
by chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are described in the art, e.g., in WO 
87/05330 published 1 1 September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem., pp. 259-306 (1981). 
Removal of carbohydrate moieties present on the polypeptide of the invention may be accomplished 
5 chemically or enzymatically or by mutational substitution of codons encoding for amino acid residues that serve as 
targets for glycosylation. Chemical deglycosylation techniques are known in the art and described, for instance, by 
Hakimuddin, et ai, Arch. Biochem. Biophys., 259:52 (1987) and by Edge et al, Anal. Biochem., JJ8:I31 (1981). 
Enzymatic cleavage of carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo- and 
exo-giycosidases as described by Thotakura etal, Meth. EnzymoL, 138:350 (1987). 

10 Another type of covalent modification comprises linking the invention polypeptide to one of a variety of 

nonprotcinaceous polymers, e.g., polyethylene glycol (PEG), polypropylene glycol, or polyoxyalkylencs, in the 
manner set fonh in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

The TCCR polypeptides of the present invention may also be modified in a way to form a chimeric 
molecule comprising the invention polypeptide fused to another, heterologous polypeptide or amino acid sequence. 

15 In one embodiment, such a chimeric molecule comprises a fusion of the invention polypeptide with a tag 

polypeptide which provides an epitope to which an anti-tag antibody can selectively bind. The epitope tag is 
generally placed at the amino- or carboxyl- terminus of the polypeptide of the invention. The presence of such 
epitope-tagged forms of the polypeptide of the invention can be detected using an antibody against the tag polypeptide. 
Also, provision of the epitope tag enables the polypeptide of the invention to be readily purifled by affinity 

20 purification using an anti-tag antibody or another type of affinity matrix that binds to the epitope tag. Various tag 
polypeptides and their respective antibodies are well known in the art. Examples include poly-histidine (poly-his) or 
poly-histidinc-glycine (poly-his-gly) tags; the flu HA tag polypeptide and its antibcxly I2CA5 [Field etal., Mot. Cell. 
5io/., 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto [Evan etal.. 
Molecular and Cellular Biology, 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its 

25 antibody [Paborsky etal.,ProteinEngineering, 3(6):547-553 (1990)]. Other tag polypeptides include theFlag-pcptide 
[Hopp etal., BioTechnology, 6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et al. Science, 255:192-194 
(1992)]; an a-tubulin epitope peptide [Skinner etal., J. Biol. Chem., 266:15163-15166 (1991)]; and the T7 gene 10 
protein peptide tag [Lutz-Freyermuth etal, Proc. Natl. Acad. Sci. USA, 87:6393-6397 (1990)]. 

In an alternative embodiment, the chimeric molecule may comprise a fusion of the polypeptide of the 

30 invention with an immunoglobulin or a particular region of an immunoglobulin. For a bivalent form of the chimeric 
molecule (also referred to as an "immunoadhesin"), such a fusion could be to the Fc region of an IgG molecule. The 
Ig fusions preferably include the substitution of a soluble (transmembrane domain deleted or inactivated) form of an 
invention polypeptide in place of at least one variable region within an Ig molecule. In a particularly preferred 
embodiment, the immunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CHI , CH2 and CH3 regions 

35 of an IgGl molecule. For the production of immunoglobulin fusions see also US Patent No. 5,428,130 issued June 
27, 1995. 

D. Preparation of TCCR 

The description below relates primarily to production of TCCR by culturing cells transformed or 
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transfected with a vector containing TCCR nucleic acid. It is, of course, contemplated that alternative methods, which 
are well known in the art, may be employed to prepare TCCR. For instance, the TCCR sequence, or portions thereof, 
may be produced by direct peptide synthesis using solid-phase techniques (see, e.g., Stewart ef a/., Solid-Phase 
Peptide Synthesis, W.H. Freeman Co., San Francisco, CA (1969); Merrifield, / Am. Chem.. Soc. 85: 2149-2154 

5 (1963)). In vitro protein synthesis may be performed using manual techniques or by automation. Automated 
synthesis may be accomplished, for instance, using an Applied Biosy stems Peptide Synthesizer (Foster City, C A) using 
the manufacturer's instructions. Automated synthesis may be accomplished, for instance, using an Applied Biosystems 
Peptide Synthesizer (Foster City, CA) using manufacturer's instructions. Various portions of the TCCR may be 
chemically synthesized separately and combined using chemical or enzymatic methods to produce the full-length 

10 TCCR. 

1. Isolatinn of DNA Encoding the Polypeptide of the Invention 

DNA encoding TCCR may be obtained from a cDNA library prepared from tissue believed to possess the 
TCCR mRNA and to express it at a detectable level. Accordingly, human TCCR DNA can be conveniently obtained 
from a cDNA library prepared from human tissue, such as described in the Examples. The TCCR-encoding gene 
1 5 may also be obtained from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to the polypeptide of the invention or 
oligonucleotides of at least about 20-80 bases) designed to identify the gene of interest or the protein encoded by it. 
Screening the cDNA or genomic library with the selected probe may be conducted using standard procedures, such 
as described in Sambrook et aL, Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor 
20 Laboratory Press, 1 989). An alternative means to isolate the gene encoding the polypeptide of the invention is to use 
PCR methodology [Sambrook et al, supra; Dicffenbach et al., PCR Primer: A Laboratory Manual (Cold Spring 
Harbor Laboratory Press, 1995)]. 

The Examples below describe techniques for screening a cDNA library. The oligonucleotide sequences 
selected a.s probes should be of sufficient length and sufficiently unambiguous that false positives are minimized. The 
25 oligonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the library being 
screened. Methods of labeling are well known in the art, and include the use of radiolabcis like '^^P-labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, including moderate stringency and high stringency, are 
provided in Sambrook et al, supra. 

Sequences identified in such library screening methods can be compared and aligned to other known 
30 sequences deposited and available in public databases such as GcnBank or other private sequence databases. 
Sequence identity (at either the amino acid or nucleotide level) within defined regions of the molecule or across the 
full-length sequence can be determined using methods known in the art and as described herein. 

Nucleic acid having protein coding sequence may be obtained by screening selected cDNA or genomic 
libraries using the deduced amino acid sequence disclosed herein for the first lime, and, if necessary, using conventional 
35 primer extension procedures as described in Sambrook et al., supra, to delect precursors and processing 
intermediates of mRNA that may not have been reverse-transcribed into cDNA. 

2. Selection and Transformation of Host Cells 

Host cells are transfected or transformed with expression or cloning vectors described herein for TCCR 
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production and culmred in conventional nutrient media modified as appropriate for inducing promoters, selecting 
transformants, or amplifying the genes encoding the desired sequences. The culture conditions, such as media, 
temperature, pH and the like, can be selected by the skilled artisan without undue experimentation. In general, 
principles, protocols, and practical techniques for maximizing the productivity of cell cultures can be found in 
5 Mammalian Cell Biotechnology: A Practical Approach, M. Butler, ed. (IRL Press, 1 99 1 ) and Sambrook et aL, supra. 

Methods of Iransfection are known to the ordinarily skilled artisan, for example, CaCl2, CaP04, liposome- 
mediated and electroporation. Depending on the host cell used, transformation is performed using standard 
techniques appropriate to such cells. The calcium treatment employing calcium chloride, as described in Sambrook 
et aL, supra, or electroporation is generally used lor prokaryotes or other cells that contain substantial cell-wall 

10 barriers. Infection with Agrohacterium tumefaciens is used for transformation of certain plant cells, as described by 
Shawrtfl/.,OV/if',23:315(1983)andWO89/05859published29Junel989. For mammalian cells without such cell 
walls, the calcium phosphate precipitation method of Graham and van dcr Eb, Virology, 52:456-457 (1978) can be 
employed. General aspects of mammalian cell host system transformations have been described in U.S. Patent No. 
4,399,2 16. Transformations into yeast are typically carried out according to the method of Van Solingen et al , J. Bad , 

15 130:946 (1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA), 76:3829 (1979). However, other methods for 
introducing DNA into cells, such as by nuclear microinjection, electroporation, bacterial protoplast fusion with intact 
cells, or polycations, e.g., polybrene, polyomithine, may also be used. For various techniques for transforming 
mammalian cells, see Keown et al. , Methods in Enzymology, 185:527-537 (1 990) and Mansour et al.. Nature, 336:348- 
352(1988). 

20 Suitable host cells for cloning or expressing the DNA in the vectors herein include prokaryote, yeast, or higher 

eukaryote cells. Suitable prokaryotes include but are not limited to cubacteria, such as Gram-negative or Gram-positive 
organisms, for example, Enterobacteriaceae such as E. coli. Various E. coli strains are publicly available, such as E. 
coli K12 strain MM294 ( ATCC 3 1 ,446); £ coli X 1 776 (ATCC 3 1 ,537); E. coli strain W3 1 1 0 ( ATCC 27,325) and K5 
772 (ATCC 53,635). Other suitable prokaryotic host cells include Enterobacteriaceae such as Escherichia, e.g., E. 

25 coli K12 strain MM294 (ATCC 3 1 ,446); E. coli X 1 776 (ATCC 3 1 ,537); E. coli strain W3 1 1 0 (ATCC 27,325) and K5 
772 (ATCC 53,635), Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g. , Salmonella typhimurium, Serratia, 
e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B. licheniforrnis 
41P disclosed in DD266,7 1 0 published 1 2 April 1 989), Pseiidomonas such as P. aeruginosa, and Streptomyces. These 
examples are illustrative rather than limiting. SU"ain W31 10 is one particularly preferred host or parent host because 

30 it is a common host strain for recombinant NDA product fermentations. Preferably, the host cell secretes minimal 
amounts of proteolytic enzymes. For example, strain W3 1 1 0 may be modified to effect a genetic mutation in the genes 
encoding proteins endogenous to the host, with examples of such hasUs including E. coli W31 10 strain 1 A2, which 
has the complete genotype tonA; E. coli W3 1 1 0 strain 9E4, which has the complete genotype tonA ptr3; E coli W3 1 1 0 
strain 27C7 (ATCC 55,244), which has the complete genotype tonA ptr3 phoA El 5 (argF-lac)m degP ompTkan'; 

35 E. coli W3 110 strain 37D6, which has the complete genotype tonA ptr3 phoA El 5 (argF-lac) 1 69 degP ompT rbs7 ilvG 
kan; E. coli W31 10 strain 40B4, which is strain 37D6 with a non-kanamycin resistant c/eg/' deletion mutation; and an 
E. coli strain having mutant periplasmic protease disclosed in U.S. Patent No. 4,946,83 issued 7 August 1990. 
Alternatively, in vitro methods of cloning, e.g., PCR or other nucleic acid polymerase chain reactions, are suitable. 
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In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression hosts for TCCR encoding vectors. Saccharomyces cerevisiae is a commonly used lower eukaryotic host 
microorganism. Others include Schijosaccharomyces pombe (Beach and Nurse. Nature 290: 140(1981);EP 139,383 
published 2 May 1985); Kluveromyces hosts (U.S. Patent No. 4,943,529; Fleer et al. Bio/Technology 9: 968-975 
5 (1991)) such as, e.g., K. lactis (MW98-8C, CBS683, CBS4574; Louvencourt etal., J. Bacterial. 154(2): 737 (1983); 
K.fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wicheramii (ATCC 24,178), K. waltii (ATCC 56,500), 
K. drosophilamm (ATCC 36,906); Van den Berg etal., Bio/Technology S: 135 (1990)), K. thermotolerans, and K. 
marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070); Sreekrishnaer a?., / Basic Microbiol. 28: 265-278 
(1988); Candida; Trichoderma reesia (EP 244,234); Neurospora cmssa (Case etal, Proc. Natl. Acad. Set. USA, 

10 76:5259-5263 (1979); Schwanniomyces such as Schwamiomyces occidentalis (EP 394,538 published 31 October 
1990); and filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium (WO 91/00357 published 10 
January 1 99 1 ), and A.spergillus hosts such as A. nidulans (Ballance et al. , Biochem. Biophys. Res. Commun. HI: 284- 
289 (1983); Tilbum etal, Gene26: 205-221 (1983); Ydtonetal, Proc. Natl Acad Sci. USA 81: 1470-1474 (1984)) 
and A. niger (Kelly and Hynes, EMBO J. 4; 475-479 (1985)). Methylolropic yeasts are suitable herein and include, 

1 5 but are not limited to, yeast capable of growth on methanol selected from the genera consisting of Han.scmila. Cadida, 
Kloeckera, Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A list of specific species that are exemplary of this 
class of yeasts may be found in C. Anthony, The Biochemistry of Methylotrophs 269 (1982). 

Suitable host cells for the expression of glycosylated TCCR polypeptides are derived from multicellular 
organisms. Examples of invertebrate cells include insect cells such as Drosophila S2 and Spodoptera Sf9 and high 

20 five, as well as plant cells. Examples of useful mammalian host cell lines include Chinese hamster ovary (CHO) and 
COS cells. Moie specific examples include monkey kidney CVl line transformed by SV40 (COS-7, ATCC CRL 
1 65 1 ); human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al., J. 
Gen ViroL , 36:59 ( 1 977)); Chinese hamster ovary cclls/-DHFR (CHO, Urlaub and Chasin, Proc. NatL Acad. Sci. USA, 
77:4216 (1980)); mouse Sertoli cells (TM4, Mather, BioL Reprod., 23:243-251 (1980)); human lung cells (W138, 

25 ATCC CCL 75); human liver cells (Hep G2, HB 8065); and mouse mammary tumor (MMT 060562, ATCC 
CCL51). The selection of the appropriate host cell is deemed to be within the skill in the art. 

3. Selection and Use of a Replicablc Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding TCCR may be inserted into a replicable vector for 
cloning (amplification of the DNA) or for expression. Various vectors are publicly available. The vector may, for 

30 example, be in the foiTn of a plasmid, cosmid, viral particle, phagemid orphage. The appropriate nucleic acid sequence 
may be inserted into the vector by a variety of procedures. In general, DNA is inserted into an appropriate restriction 
endonuclease site(s) using techniques known in the art. Vector components generally include, but are not limited to, 
one or more of a signal sequence, an origin of replication, one or more marker genes, an enhancer element, a promoter, 
and a transcription termination sequence. Construction of suitable vectors containing one or more of these 

35 components employs standard ligation techniques which are known to the skilled artisan. 

The TCCR may be produced recombinantly not only directly, but also as a fusion polypeptide with a 
heterologous polypeptide, which may be a signal sequence or other polypeptide having a specific cleavage site at the 
N-terminus of die mature protein or polypeptide. In general, the signal sequence may be a component of the vector. 
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or it may be a part of the TCCR-encoding DNA that is inserted into the vector. The signal sequence may be a 
prokaiyotic signal sequence selected, for example, from the group of the alkaline phosphatase, penicillinase, Ipp, or 
heat-stable enterotoxin n leaders. For yeast secretion the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces a-factor leaders, the latter described in U.S. Patent No. 
5 5,010, 1 82), or acid phosphatase leader, the C. albicans glucoamylase leader (EP 362, 179 published 4 April 1990), or 
the signal described in WO90/1 3646 published 15 November 1990. In mammalian cell expression, mammalian signal 
sequences may he used to direct secretion of the protein, such as signal sequences from secreted polypeptides of the 
same or related species, as well as viral secretory leaders. 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to replicate in 
10 one or more selected host cells. Such sequences are well known for a variety of bacteria, yeast, and viruses. The 
origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 2^. plasmid origin is 
suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV orBPV) are useful for cloning vectors 
in mammalian cells. 

Expression and cloning vectors will typically contain a selection gene, also termed a selectable marker. 

15 Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g., ampicillin, 
neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply critical nutrients not 
available from complex media, e.g., the gene encoding D-alanine racemase for Bacilli. 

An example of suitable selectable markers for mammalian cells are those that enable the identification of cells 
competent to take up the nucleic acid encoding the polypeptide of the invention, such as DHFR or thymidine kinase. 

20 An appropriate host cell when wild-type DHFR is employed is the CHO cell line deficient in DHFR activity, prepared 
and propagated as described by Uriaub etaL, Proc. Natl Acad. Sci. USA, 77:4216 (1980). A suitable selection gene 
for use in yeast is the trp\ gene present in the yeast plasmid YRp7 [Stinchcomb et al, Nature, 282:39 (1979); 
Kingsmanef a/., Gene, 7:141 (1979); Tschemper cf a/., Gewc, i0:l57 (1980)]. Thefrpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4- 

25 1 [Jones, Genetics, 85: 12 (1977)]. 

Expression and cloning vectors usually contain a promoter operably linked to the TCCR-encoding nucleic 
acid sequence to direct mRNA synthesis. Promoters recognized by a variety of potential host cells are well known. 
Promoters suitable for use with prokaryotic hosts include the P-lactamase and lactose promoter systems [Chang et 
al. Nature, 275:615 (1978): Goeddel et al.. Nature, 28 1 :544 ( 1 979)1 , alkaline phosphatase, a tryptophan (trp) promoter 

30 system [Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,776], and hybrid promoters such as the tac promoter 
[dcBoer et al, Proc. Natl Acad ScL USA, 80:21-25 (1983)]. Promoters for use in bacterial systems also will contain 
a Shine-Dalgamo (S.D.) sequence operably linked to the DNA encoding TCCR. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglycerate kinase [Hitzeman ef a/., J. Biol Chem.. 255:2073 (1980)] or other glycolytic enzymes [Hesseia/., 

35 J. Adv. Enzyme Reg.,T.\A9 (1968); Holland, B/ocAcmwfry, 17:4900 (1978)], such as enolase, glyceraldehyde-3-phos- 
phatc dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomcrase, 3- 
phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose isomerase, and glucokinase. 
Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
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controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradati ve enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate 
dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 
use in yeast expression are further described in EP 73,657. 
5 TCCR transcription of the polypeptide of the invention from vectors in mammalian host cells is conU^olled, 

for example, by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,2 1 1 ,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (S V40), from heterologous mammalian promoters, 
e.g., the actin promoter or an immunoglobulin promoter, and from heat-shock promoters, provided such promoters 
1 0 are compatible with the host cell systems. 

Transcription of a DNA encoding the TCCR by higher eukaryotes may be increased by inserting an enhancer 
sequence into the vector. Enhancers arc cis-acting elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Many enhancer sequences are now known from mammalian genes (globin, 
elastase, albumin, a-fetoprotcin, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell 
15 virus. Examples include the SV40 enhancer on the late side ofthe replication origin (bp 100-270), the cytomegalovirus 
early promoter enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. 
The enhancer may be spliced into the vector at a position 5' or 3' to the TCCR coding sequence of the polypeptide of 
the invention, but is preferably located at a site 5' from the promoter. 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, or nucleated cells 
20 from other multicellular organisms) will also contain sequences necessary for the termination of transcription and for 
stabilizing the mRNA. Such sequences are commonly available from the 5' and, occasionally 3', untranslated regions 
of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as polyadenylated 
fragments in Ihc untranslated portion ofthe mRNA encoding TCCR. 

Still other methods, vectors, and host cells suitable for adaptation to the synthesis of TCCR in recombinant 
25 vertebrate cell culture are described in Gething et ai. Nature, 293:620-625 (1981); Mantei etaL, Nature, 281:40-46 
(1979); EP 117,060; and EP 1 17,058. 

Gene amplification and/or expression may be measured in a sample directly, for example, by conventional 
Southern blotting. Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA, 

30 77:5201-5205 (1980)], dot blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, 
based on the sequences provided herein. Alternatively, antibodies may be employed that can recognize specific 
duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The 
antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so that upon 
the formation of a duplex on the surface, the presence of antibody bound to the duplex can be detected. 

35 Gene expression, alternatively, may be measured by immunological methods, such as immunohistochemical 

staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate directly the expression of gene 
product. Antibodies useful for immunohistochemical staining and/or assay of sample Huids may be either monoclonal 
or polyclonal, and may be prepared in any mammal. Convenientiy, the antibodies may be prepared against a native 



34 



wo 01/29070 PCT/USOO/28827 
sequence TCCR polypeptide or against a synthetic peptide based on the DNA sequences provided herein or against 
exogenous sequence fused to TCCR DNA encoding the polypeptide of the invention and encoding a specific antibody 
epitope. 

5. Purification of Polypeptide 

5 Forms of TCCR may be recovered from culture medium or from host cell lysates. If membrane-bound, it 

can be released from the membrane using a suitable detergent solution {e.g. Triton®-X 100) or by enzymatic cleavage. 
Cells employed in expression of the polypeptide of TCCR can be disrupted by various physical or chemical means, 
such as freeze-thaw cycling, sonication, mechanical dismption, or cell lysing agents. 

It may be desired to purify TCCR from recombinantcell proteins or polypeptides. The following procedures 

10 are exemplary of suitable purification procedures: by fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation-exchange resin such as DEAE; chromatofocusing; SDS- 
PAGE; ammonium sulfate precipitation; gel filtration using, for example, Sephadex G-75; protein A Sepharose 
columns to remove contaminants such as IgG; and metal chelating columns to bind epitope-tagged forms of the 
polypeptide of the invention. Various methods of protein purification may be employed and such methods are known 

15 in the art and described for example in Deutscher, Methods in Enzymology, 182 (1990); Scopes, Protein Purification: 
Principles and Practice, Springer-Verlag, New York (1982). The purification step(s) selected will depend, for 
example, on the nature of the production process used and the particular TCCR produced. 

6. Tissue Distribution 

The location of tissues expressing the polypeptides of the invention can be identified by determining mRNA 
20 expression in various hiunan tissues. The location of such genes provides information about which tissues are most 
likely to be affected by the stimulating and inhibiting activities of the polypeptides of the invention. The location of 
a gene in a specific tissue also provides sample tissue for the activity blocking assays discussed below. 

As noted before, gene expression in various tissues may be measured by conventional Southern blotting. 
Northern blotting to quantitate the transcription of mRNA (Thomas, Proc. Natl. Acad. Set. fyiVi, 77:5201 -5205 [ 1 980]), 
25 dot blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences 
provided herein. Alternatively, antibodies may be employed that can recognize specific duplexes, including DNA 
duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. 

Gene expression in various tissues, alternatively, may be measured by immunological methods, such as 
immunohistochcmical staining of tissue sections and assay of cell culture or body fluids, to quantitate directly the 
30 expression of gene product. Antibodies useful for immunohistochemical sUiining and/or assay of sample fluids may 
be either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native sequence of a polypeptide of the invention or against a synthetic peptide based on the DNA 
sequences encoding the polypeptide of the invention or against an exogenous sequence fused to a DNA encoding a 
polypeptide of the invention and encoding a specific antibody epitope. General techniques for generating antibodies, 
35 and special protocols for Northern blotting and in situ hybridization are provided below. 
E. Uses of TCCR 

1. General Uses 

TCCR is of the WS(G)XWS class of cytokine receptors with homology to the IL- 1 2 p-2 receptor, G- 
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CSFR and IL-6 receplor, the highest homology being to the IL-12 P-2 receptor (26% identity). These receptors 
transduce a signal that can control growth and differentiation of cells, especially cells involved in blood cell growth 
and differentiation. G-CSF, for example has found wide use in clinical applications for the proliferation of 
neutrophils after chemotherapy. These types of cytokine receptors and their agonists/antagonists are likely to play 
5 important roles in the treatment of hematological and oncological disorders. TCCR has been found to play a role in 
the T-helper cell response - in particular in the modulation of the differentiation of T-cells into the Thl and Th2 
subsets. As aresult, TCCR and its agonists/antagonists may be useful in a therapeutic method to bias the mammalian 
immune response to either a T-heiper 1 response (Thl) or a T-helper-2 (Th2) response depending on the desired 
therapeutic goal. 

10 CD4+ T cells play a critical role in allergic inflammatory responses by enhancing the recruitment, growth 

and differentiation of all other cell types involved in the response. CD4+ cells perform this function by secreting 
several cytokines, including interleukin (IL-4) and IL-13, which enhance the induction of IgE synthesis in B cells, 
mast cell growth, and the recruitment of lymphocytes, mast cells, and basophils to the sites of inflammation. In 
addition, CD4+ T cells produce IL-5, which enhances the growth and differentiation of eosinophils and B cells, and 

15 IL-10, which enhances the growth and differentiation of mast cells and inhibits the production of y-interferon. The 
combination of IL-4, IL-5, IL-10 and IL-13 is produced by a subset of CD4+ T-cells called Th2 cells, which are found 
in increased abundance in allergic individuals. 

Thl cells secrete cytokines important in the activation of macrophages (IFN-y, IL-2, tumor necrosis factor-P 
[TNF-PD and in inducing cell mediated immunity. Th2 cells secrete cytokines important in humoral immunity and 

20 allergic diseases (IL-4, IL-5 and IL- 10). While TTi 1 cytokines inhibit the production of Th2 cytokines, Th2 cytokines 
inhibit the production of Thl cytokines. This negative feedback loop accentuates the production of polarized cytokine 
profiles during immune responses. The maintenance of the delicate balance between the production of these 
"opposing" cytokines is critical, since overproduction of Thl cytokines is believed to result in autoimmune 
inflammatory diseases and allograft rejection. Concomitantly, the overproduction of Th2 cytokines results in 

25 allergic inflammatory diseases such as asthma and allergic rhinitis, or ineffective immunity to intracellular pathogens. 

Umetsu and DeKruyff, Proc. Soc. Exp. Bio. Med. 215(1 ): 11-20 (1997) have proposed a model wherein 
susceptability to infection is explained not as a lack of immunity, but rather to the development of T cells secreting an 
in appropriate cytokine profile. Allergic disease is caused by the CD4+ T cells inappropriately secreting Th2 
cytokines, whereas nonallergic individuals remain asymtomatic because they develop T cells secreting Thl 

30 cytokines, which inhibit IgE synthesis and mast cell and eosinophil differentiation. Stated another way, allergic 
rhinitis and asthma may represent a pathological aberration or oral/mucosal tolerance, where T cells that would 
normally develop into "Th2" regulatory/suppressor cells instead develop into "Th2" cells that initiate and intensify 
allergic inflammation. 

Cytokine receptors are generally characterized by a multi-domain structure comprising an extracellular 
35 domain, a transmembrane domain and an intracellular domain. The extracellular domain usually functions to bind 
the ligand, the transmembrane domain anchors the receptor to the cell membrane, and the intracellular domain is 
usually an effector involved in signal Uansduction within the cell. However, ligand-binding and effector functions may 
reside on separate subunits of a multimeric receptor. The ligand-binding domain may itself have multiple domains. 
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Multimeric receptors is a broad term which generally includes: (1) homodimer; (2) heterodimers having subunits with 
both hgand-binding and effector domains; and (3) multimers having component subunits with disparate functions. 
Cytokine receptors are further reviewed and classified in Urdahl, Am. Reports Med. Chem. 26: 221-228 (1991) and 
Cosman, Cytokines: 95-106 (1993). 
5 In addition to specific immune-related uses (e.g., Thl and Th2 cells mediated physiology), nucleotide 

sequences (or their complement) encoding TCCR have various applications in the art of molecular biology, including 
uses as hybridization probes, in chromosome and gene mapping and in the generation of anti-sense RNA and DNA. 
TCCR nucleic acid will also be useful for the preparation of TCCR polypeptides by the recombinant techniques 
described herein. 

10 The full-length native sequence TCCR gene described in Figure 3 (SEQ ID NO:l) and Figure 4 (SEQ ID 

N0:2), or portions thereof, may be used as hybridization probes for a cDNA library to isolate the full-length TCCR 
cDNA or to isolate still other cDNAs (for instance, those encoding naturally-occurring variants of TCCR or TCCR 
from other species) which have a desired sequence identity to the TCCR sequence disclosed in Figures 3 and 4 (SEQ 
ID NO:s 1&2, respectively). Optionally, the length of the probes will be about 20 to 50 bases. The hybridization 

1 5 probes may be derived from regions of the nucleotide sequence of SEQ ID NO: 1 &2 wherein those regions may be 
determined without undue experimentation or from genomic sequences including promoters, enhancer elements and 
introns of native sequence TCCR. By way of example, a screening method will comprise isolating the coding region 
of the TCCR gene using the known DNA sequence to synthesize a selected probe of about 40 bases. Hybridization 
probes may be labeled by a variety of labels, including radionucleotides such as or ^^S, or enzymatic labels such 

20 as alkaline phosphata.se coupled to the probe via avidin/biotin coupling systems. Labeled probes having a sequence 
complementary to that of the TCCR gene of the present invention can be used to screen libraries of human cDNA, 
genomic DNA or mRNA to determine to which members of such libraiies the probe hybridizes. Hybridization 
techniques are described in further detail in the Examples below. Any EST or other sequence fragments disclosed 
herein may similarly be employed as probes, using the methods disclosed herein. 

25 Other useful fragments of the TCCR nucleic acids include antisense or sense oligonucleotides comprising a 

single-stranded nucleic acid sequence (either RNA or DNA) capable of binding to target TCCR mRNA (sense) or 
TCCR DNA (antisense) sequences. Antisense or sense oligonucleotides, according to the present invention, comprise 
a fragment of the coding region of TCCR DNA. Such a fragment generally comprises at least about 14 nucleotides, 
preferably from about 14 to 30 nucleotides. The ability to derive an antisense or a sense oligonucleotide, based upon 

30 a cDNA sequence encoding a given protein is described in, for example. Stein and Cohen, Cancer Res. 48: 2659 
(1988) and van der Krol et al, BioTechniques 6: 958 (1988). 

Binding of antisense or sense oligonucleotides to target nucleic acid sequences results in the formation of 
duplexes that block transcription or translation of the target sequence by one of several means, including enhanced 
degradation of the duplexes, premature termination of transcription or translation, or by other means. The antisense 

35 oligonucleotides thus may be used to block expression of TCCR proteins. Antisense or sense oligonucleotides further 
comprise oligonucleotides having modified sugar-phosphodiester backbones (or other sugar linkages, such as those 
described in WO 91/06629) and wherein such sugar linkages are resistant to endogenous nucleases. Such 
oligonucleotides with resistant sugar linkages are stable in vivo (i.e., capable of resisting enzymatic digestion) but 
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retain sequence specificity to be able to bind to target nucleotide sequences. 

Other examples of sense or antisense oligonucleotides include those oligonucleotides which are covalently 
linked to organic moieties, such as those described in WO 90/10048, and other moieties that increase affinity of the 
oligonucleotide for a target nucleic acid sequence, such as poly-(L-lysine). Further still, intercalating agents, such as 
5 ellipticine, and alkylating agents or metal complexes may be attached to sense or antisense oligonucleotides to modify 
binding specificities of the antisense or sense oligonucleotides to modify binding specificities for the antisense or 
sense oligonucleotide for the target nucleotide sequence. 

Antisense or sense oligonucleotides may be introduced into a cell containing the target nucleic acid 
sequence by any gene transfer method, including, for example, CaP04-mediated DNA transfection, electroporation, 
10 or by using gene transfer vectors such as Epstein-Barr virus. In a preferred procedure, an antisense or sense 
oligonucleodde is inserted into a suitable retroviral vector. A cell containing the target nucleic acid sequence is 
contacted with the recombinant retroviral vector, either in vivo or ex vivo. Suitable retroviral vectors include, but are 
not limited to, those derived from the murine retrovirus M-MuLV, N2 (a retrovirus derived from M-MuLV), or the 
double copy vectors designated DCT5A, DCT5B and DCT5C (see WO 90/13641). 
15 Sense or antisense oligonucleotides also may be introduced into a cell containing the target nucleotide 

sequence by formation of a conjugate with a ligand binding molecule, as described in WO 9 1/04753. Suitable ligand 
binding molecules include, but are not limited to, cell surface receptors, growth factors, other cytokines, or other 
ligands that bind to cell surface receptors. Preferably, conjugation of the ligand binding molecule does not 
substantially interfere with the ability of the ligand binding molecule to bind to its corresponding molecule or 
20 receptor, or block entry of the sense or antisense oligonucleotide or its conjugated version into the cell. 

Alternatively, a sense or an antisense oligonucleotide may be introduced into a cell containing the target 
nucleic acid sequence by formation of an oligonucleotide-lipid complex, as described in WO 90/10448. The sense or 
antisense oligonucleotide-lipid complex is preferably dissociated within the cell by an endogenous lipase. 

The probes may also be employed in PCR techniques to generate a pool of sequences for identification of 
25 closely related TCCR coding sequences. 

Nucleotide sequences encoding a TCCR can also be used to construct hybridization probes for mapping the 
gene which encodes that TCCR and for the genetic analysis of individuals with genetic disorders. TTie nucleotide 
sequences provided herein may be mapped to a chromosome and specific regions of a chromosome using known 
techniques, such as in situ hybridization, linkage analysis against known chromosomal markers, and hybridization 
30 screening with libraries. 

Since TCCR is a receptor, the coding sequences for TCCR encode a protein which binds to another protein. 
As a result, the TCCR proteins of the invention can be used in assays to identify other proteins or molecules 
involved in the binding interaction. By such methods, inhibitors of the rcceptor/ligand binding interaction can be 
identified. Proteins involved in such binding interactions can also be used to screen for peptide or small molecule 
35 inhibitors or agonists of the binding interaction. Also, the receptor TCCR can be used to isolate correlative ligand(s). 
Screening assays can be used to find lead compounds that mimic the biological activity of a native TCCR or a ligand 
for TCCR. Such screening assays will include assays amenable to high-throughput screening of chemical libraries, 
making them particularly suitable for identifying small molecule drug candidates. Small molecules contemplated 
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include synthetic organic or inorganic compounds. The assays can be performed in a variety of formats, including 
protein-protein binding assays, biochemical screening assays, immunoassays and ceil based assays, which are well 
characterized in the art 

The TCCR polypeptides described herein may also be employed as molecular weight markers for protein 
5 elec&ophoresis purposes. 

The nucleic acid molecules encoding the TCCR polypeptides or fragments thereof described herein arc 
useful for chromosome identification. In this regard, there exists an ongoing need to identify new chromosome 
markers, since relatively few chromosome marking reagents, based upon actual sequence data are presently available. 
Each TCCR nucleic acid molecule of the present invention can be used as a chromosome marker. 
10 The TCCR polypeptides and nucleic acid molecules of the present invention may also be used for tissue 

typing, wherein the TCCR polypeptides of the present invention may be differentially expressed in one tissue as 
compared to another. TCCR nucleic acid molecules will find use for generating probes for PGR, Northern analysis, 
Southern analysis and Western analysis. 

2. Antibody Binding Studies 

15 The activity of the TCCR polypeptides of the invention can be further verified by antibody binding studies, 

in which the ability of anti-TCCR antibodies to inhibit the effect of the TCCR polypeptides on tissue cells is tested. 

Exemplary antibodies include polyclonal, monoclonal, humanized, bispecific, and heteroconjugatc antibodies, the 

preparation of which will be described hereinbelow. 

Antibody binding studies may be carried out in any Icnown assay method, such as competitive binding 
20 assays, direct and indirect sandwich assays, and immunoprecipitation assays. Zola, Monoclonal Antibodies: A 

Manual of Techniques, pp.147-158 (CRC Press, Inc., 1987). 

Competitive binding assays rely on the ability of a labeled standard to compete with the test sample analyte 

for binding with a limited amount ofantihody . The amount of target protein in the test sample is inversely proportional 

to the amount of standard that becomes bound to the antibodies. To facilitate determining the amount of standard that 
25 becomes bound, the antibodies preferably are insolubilized before or alter die competition, so that the standard and 

analyte that are bound to the antibodies may convenientiy be separated from the standard and analyte which remain 

unbound. 

Sandwich assays involve the use of two antibodies, each capable of binding to a different immunogenic 
portion, or epitope, of the protein to be detected. In a sandwich assay, the test sample analyte is bound by a first 

30 antibody which is immobilized on a solid support, and thereafter a second antibody binds to die analyte, thus forming 
an insoluble three-part complex. See, e.g. , US Pat No. 4,376,1 10. The second antibody may itself be labeled with a 
detectable moiety (direct sandwich assays) or may be measured using an anti-inununoglobulin antibody that is 
labeled with a detectable moiety (indirect sandwich assay). For example, one type of sandwich assay is an ELISA 
assay, in which case the detectable moiety is an enzyme. 

35 For immunohistochemistry, the tissue sample may be fresh or frozen or may be embedded in paraffin and 

fixed with a preservative such as formalin, for example. 

3. Cell-Based As-says 

Cell-based assays and animal models for immune related diseases can be used to further understand the 
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relationship between the genes and polypeptides identified herein and the development and pathogenesis of immune 
related disease. 

In a different approach, cells of a cell type known to be involved in a particular immune related disease are 
transfected with the cDNAs described herein, and the ability of these cDNAs to stimulate or inhibit immune function 
5 is analyzed. Suitable cells can be transfected with the desired gene, and monitored for immune function activity. 
Such transfected cell lines can then be used to test the ability of poly- or monoclonal antibodies or antibody 
compositions to inhibit or stimulate immune fiinction, for example to modulate T-cell proliferation or inflammatory 
cell infiltration. Cells transfected with the coding sequences of the genes identified herein can further be used to 
identify drug candidates for the treatment of immune related diseases. 

10 In addition, primary cultures derived from transgenic animals (as described below) can be used in the cell- 

based assays herein, although stable cell lines are preferred. Techniques to derive continuous cell lines from 
transgenic animals are well known in the ait (see, c.g. Small etal.,Mol. Cell. Biol 5, 642-648 [1985]). 

One suitable cell based assay is the mixed lymphocyte reaction (MLR). Current Protocols in Immunology, 
unit 3.12; edited by J E Coligan, A M Kruisbcck, D H Marglics, E M Shevach, W Strober, National Institutes of 

15 Health, Published by John Wiley & Sons, Inc. In this assay, the ability of a test compound to stimulate or inhibit the 
proliferation of activated T cells is assayed. A suspension of responder T cells is cultured with allogeneic stimulator 
cells and the proliferation of T cells is measured by uptake of tritiated thymidine. This assay is a general measure of 
T cell reactivity. Since the majority of T cells respond to and produce IL-2 upon activation, differences in 
responsiveness in this assay in part reflect differences in IL-2 production by the responding cells. The MLR results 

20 can be verified by a standard lymphokine (IL-2) detection assay. Current Protocols in Immunology, above, 3. 1 5, 6.3. 

A proliferative T cell response in an MLR assay may be due to direct mitogenic properties of an assayed 
molecule or to external antigen induced activation. Additional verification of the T cell sdmulatory activity of the 
polypeptides of the invention can be obtained by a costimulation assay. T cell activation requires an antigen specific 
signal mediated through the T-cell receptor (ICR) and a costimulatory signal mediated through a second ligand 

25 binding interaction, for example, the B7(CD80, CD86)/CD28 binding interaction. CD28 crosslinking increases 
lymphokine secretion by activated Tcells. Tcell activation has both negative and positive controls through the binding 
of ligands which have a negative or positive effect. CD28 and CTLA-4 arc related glycoproteins in the Ig supcrfamily 
which bind to B7. CD28 binding to B7 has a positive costimulation effect of T cell activation; conversely, CTLA-4 
binding to B7 has a negative Tcell deactivating effect. Chambers, C. A. and Allison, J. P., Curr. Opin. Immunol. (1997) 

30 9:396. Schwartz, R. H., Cell (1992) TV. 1065; Linscy, P. S. and Ledbetter, J. A., Annu. Rev. Immunol. (1993) n.: 191 ; 
J\m<:.,C.Yi..etal., Immunol. Tbdby (1994) 15:321; Jenkins, M. K.,/»imttfw<y (1994)1:405. Ina costimulation assay, 
the polypeptides of the invention are assayed for T cell costimulatory or inhibitory activity. 

Polypeptides of the invention, as well as other compounds of the invention, which are stimulators 
(costimulators) of T cell proliferation and agonists, e.g. agonist antibodies, thereto as determined by MLR and 

35 costimulation assays, for example, are useful in treating immune related diseases characterized by poor, suboptimal 
or inadequate immune function. These diseases are treated by stimulating the proliferation and activation of T cells 
{e.g., T cell mediated immunity, Thi and/or Th2 cytokine production) and enhancing the immune response in a 
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mammal through administration of a stimulatory compound, such as the stimulating polypeptides of the invention. 
The stimulating polypeptide may, for example, be a TCCR ligand polypeptide or an agonist antibody thereof. 

Direct use of a stimulating compound as in the invention has been validated in experiments with 4- IBB 
glycoprotein, a member of the tumor necrosis factor receptor family, which binds to a ligand (4-1 BBL) expressed on 
5 primed T cells and signals T cell activation and growth. Alderson,M. E. etal.,J. Immunol. (1994) 24:2219. 

The use of an agonist stimulating compound has also been validated experimentally. Activation of 4-1 BB 
by treatment with an agonist anti-4-lBB antibody enhances eradication of tumors. Hellstrom, I. and Hellslrom, K. E., 
Crit. Rev. Immunol. (1998) 18: 1 . Immunoadjuvant therapy for Ureatment of tumors, described in more detail below, 
is another example of the use of the stimulating compounds of the invention. 
10 An immune stimulating or enhancing effect can also be achieved by antagonizing or blocking the activity of 

a protein which has been found to be inhibiting in the MLR assay. Negating the inhibitory activity of the compound 
produces a net stimulatory effect. Suitable antago^ists^locking compounds are antibodies or fragments thereof which 
recognize and bind to the inhibitoiy protein, thereby blocking the effective interaction of the protein witli its receptor 
and inhibiting signaling through the receptor. This effect has been validated in experiments using anti-CTLA-4 
15 antibodies which enhance T cell proliferation, presumably by removal of the inhibitory signal caused by CTLA-4 
binding. Walunas, T. L. et al. Immunity (1994) 1:405. 

On the other hand, polypeptides of the invention, as well as other compounds of the invention, which are 
direct inhibitors of T cell proliferation/activation and/or lymphokine secretion, can be directly used to suppress the 
immune response. These compounds arc useful to reduce the degree of the immune response and to treat immune 
20 related diseases characterized by a hyperactive, superoptimal, or autoimmune response. This use of the compounds 
of the invention may be validated by the experiments described above in which CTLA-4 binding to receptor B7 
deactivates T cells. The direct inhibitory compounds of the invention function in an analogous manner. 

Alternatively, compounds, eg. antibodies, which bind to stimulating polypeptides of the invention and block 
the stimulating effect of these molecules produce a net inhibitory effect and can be used to suppress theTcell mediated 
25 immune response by inhibiting T cell proliferation/activation and/or lymphokine secretion. Blocking the stimulating 
effect of the polypeptides suppresses the immune response of the mammal. This use has been validated in 
experiments using an anti-IL2 antibody . In these experiments, the antibody binds to IL2 and blocks binding of IL2 
to its receptor thereby achieving a T cell inhibitory effect. 

4. Animal Models 

30 The results of the cell based in vitro assays can be further verified using in vivo animal models and assays for 

T-cell function. A variety of well known animal models can be used to further understand the role of the genes 
identified herein in the development and pathogenesis of immune related disease, and to test the efficacy of candidate 
therapeutic agents, including antibodies, and other antagonists of the native polypeptides, including small molecule 
antagonists. The in vivo nature of such models makes them predictive of responses in human patients. Animal 

35 models of immune related diseases include both non-recombinant and recombinant (transgenic) animals. Non- 
recombinant animal models include, for example, rodent, e.g., murine models. Such models can be generated by 
introducing cells into syngeneic mice using standard techniques, e.g. subcutaneous injection, tail vein injection, 
spleen implantation, inu-aperitoneal implantation, implantation under die renal capsule, etc. 



41 



wo 01/29070 PCT/USOO/28827 

Graft-versus-host disease occurs when immunocompetent cells are transplanted into immunosuppressed or 
tolerant patients. The donor cells recognize and respond to host antigens. The response can vary from life threatening 
severe inflammation to mild cases of diarrhea and weight loss. Graft-versus-host disease models provide a means of 
assessing T cell reactivity against MHC antigens and minor transplant antigens. A suitable procedure is described in 
5 detail in Current Protocols in Immunology, above, unit 4.3. 

An animal model for skin allograft rejection is a means of testing the ability of Tcells to mediate in vivo tissue 
destruction and a measure of their role in transplant rejection. The most common and accepted models use murine tail- 
skin grafts. Repeated experiments have shown that skin allograft rejection is mediated by T cells, helper T cells and 
killer-el'tector T cells, and not antibodies. Auchincloss, H. Jr. and Sachs, D. H., Fundamental Immunology, 2nd ed., 

10 W. E. Paul ed., Raven Press, NY, 1989, 889-992. A suitable procedure is described in detail in Current Protocols in 
Immunology, above, unit 4.4. Other transplant rejection models which can be used to test the compounds of the 
invention are the allogeneic heart transplant models described by Tanabe, M. etal, Transplantation (1994) 58:23 and 
Tinubu, S. A. ctal. J. Immunol. (1994) 4330-4338. 

Animal models for delayed type hypersensitivity provides an assay of cell mediated immune function as well. 

15 Delayed type hypersensitivity reactions are a T cell mediated in vivo immune response characterized by 
inflammation which does not reach a peak until after a period of time has elapsed after challenge with an antigen. 
These reactions also occur in tissue specific autoimmune diseases such as multiple sclerosis (MS) and experimental 
autoimmune encephalomyelitis (EAE, a model for MS). A suitable procedure is described in detail in Current 
Protocols in Immunology, above, unit 4.5. 

20 EAE is a T cell mediated autoimmune disease characterized by T cell and mononuclear cell inflammation and 

subsequent demyelination of axons in the central nervous system. EAE is generally considered to be a relevant animal 
model forMS in humans. Bolton, C, Multiple Sclerosis ( 1995)1: 143. Both acute and relapsing-remitting models have 
been developed. The compounds of the invention can be tested for T cell stimulatory or inhibitory activity against 
immune mediated demyclinating disease using the protocol described in Current Protocols in Immunology, above, 

25 units 15.1 and 15.2. See also the models for myelin disease in which oligodendrocytes or Schwann cells are grafted 
into the central nervous system as described in Duncan, I. D. et al, Molec. Med. Today (1997) 554-561, 

Contact hypersensitivity is a simple delayed type hypersensitivity in vivo assay of cell mediated immune 
function. In this procedure, cutaneous exposure to exogenous haptens which gives rise to a delayed type 
hypersensitivity reaction which is measured and quantitatcd. Contact sensitivity involves an initial sensitizing phase 

30 followed by an elicitation phase. The el icitation phase occurs when the T lymphocytes encounter an antigen to which 
they have had previous contact. Swelling and inflammation occur, making this an excellent model of human allergic 
contact dermatitis. A suitable procedure is described in detail in Current Protocols in Immunology, Eds. J. E. Cologan, 
A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W. Strober, John Wiley & Sons, Inc., 1994, unit 4.2, See also 
Grabbe, S. and Schwarz, T, Immun. Tb^/ay 19(l):37-44 (1998) . 

35 An animal model for arthritis is collagen-induced arthritis. This model shares clinical, histological and 

immunological characteristics of human autoimmune rheumatoid arthritis and is an acceptable model for human 
autoimmune arthritis. Mouse and rat models are characterized by synovitis, erosion of cartilage and subchondral bone. 
The compounds of the invention can be tested for activity against autoimmune arthritis using the protocols described 
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in Current Protocols in Immunology, above, unils 1 5.5. See also the model using a monoclonal antibody to CDl 8 and 
VLA-4 integrins described in Issekutz, A. C. et al. Immunology (1996) 88:569. 

A model of asthma has been described in which antigen-induced airway hyper-reactivity, pulmonary 
eosinophilia and inflammation are induced by sensitizing an animal with ovalbumin and then challenging the animal 
5 with the same protein delivered by aerosol. Several animal models (guinea pig, rat, non-human primate) show 
symptoms similar to atopic asthma in humans upon challenge with aerosol antigens. Murine models have many of 
the features of human asthma. Suitable procedures to test the compounds of the invention for activity and 
effectiveness in the treatment of asthma are described by Woly niec, W. W. e? al. , Am. J. Respir. Cell Mol. Biol. (1 998) 
18:777 and the references cited therein. 

10 Additionally, the compounds of the invention can be tested on animal models for psoriasis like diseases. 

Evidence suggests a T cell pathogenesis for psoriasis. The compounds of the invention can be tested in the scid/scid 
mouse model described by Schon, M.V.etal Nat. Med. ( 1 997) 3: 1 83, in which the mice demonstrate histopathologic 
skin lesions resembling psoriasis. Another suitable model is the human skin/scid mouse chimera prepared as 
described by Nickoloff, B. J. et al. Am. J. Pathol. (1995) 146:580. 

1 5 Recombinant (transgenic) animal models can be engineered by introducing the coding portion of the genes 

identified herein into the genome of animals of interest, using standard techniques for producing transgenic animals. 
Animals that can serve as a target for transgenic manipulation include, without limitation, mice, rats, rabbits, guinea 
pigs, sheep, goats, pigs, and non-human primates, e.g. baboons, chimpanzees and monkeys. Techniques known in 
the art to inti-oduce a ti^nsgene into such animals include pronucleic microinjection (Hoppe and Wanger, U.S. Patent 

20 No. 4,873, 191 ); retrovirus-mediated gene transfer into germ lines {e.g. , Van der Putten etai, Proc. Natl. Acad. Sci. USA 
82: 6148-615 [1985]); gene targeting in embryonic stem cells (Thompson et al.. Cell 56: 313-321 [1989]); 
electroporation of embryos (Lo, Mol Cel.. Biol. 3, 1 803-1 81 4 [ 1 983]); sperm-mediated gene transfer (Lavitrano etai. 
Cell 57. 7 17-73 [1989]). For review, see, for example, U.S. Patent No. 4,736,866. 

For the purpose of the present invention, transgenic animals include those that carry the transgene only in 

25 part of their cells ("mosaic animals"). The transgene can be integrated either as a single ti ansgene, or in concatamers, 
e.g., head-to-head or hcad-to-tail tandems. Selective introduction of a transgene into a particular cell type is also 
possible by following, for example, the technique of Lasko et al.. Proc. Natl. Acad. Sci. USA 82, 6232-636 (1992). 

The expression of the transgene in transgenic animals can be monitored by standard techniques. For example, 
Southern blot analysis or PCR amplification can be used to verify the integration of the transgene. The level of mRNA 

30 expression can then be analyzed using techniques such as in situ hybridization. Northern blot analysis, PCR, or 
immunocytochemistry. 

The animals may be further examined for signs of immune disease pathology, for example by histological 
examination to determine infiltration of immune cells into specific tissues. Blocking experiments can also be 
performed in which the transgenic animals are treated with the compounds of the invention to determine the extent of 
35 the T cell proliferation stimulation or inhibition of the compounds. In these experiments, blocking antibodies which 
bind to the polypeptide of the invention, prepared as described above, are administered to the animal and the effect on 
immune function is determined. 

Nucleic acids which encode TCCR or its modified forms can also be used to generate either transgenic 
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animals or "knock out" animals which, in turn, are useful in the development and screening of therapeutically useful 
reagents. The term "knockout" is used in the art to describe a transgenic animal in which the endogenous gene has 
been "knocked out" or ablated such as that which results from the use of homologous recombination. Homologous 
recombination is a term of art used to describe the regions of the targeting vector that are homologous to the 
5 endogenous gene. These regions of homology will hybridize to each other and recombine to the host's genome 
resulting with the replacement of the host endogenous sequence with the vector insert sequence at the location and in 
the orientation defined by the regions of shared homology. The genotype of a knockout animal is denoted by the 
name of the gene followed by a "-/-". This distinguishes it from an animal in which only one allele has been "knocked- 
out" (heterozygous) which is termed "-/+". An endogenous gene that has been "knocked out" is no longer expressed 

10 in all cells throughout the animal. Detailed analysis of specific cells can identify the function of the ablated gene. 

A transgenic animal (e.g., a mouse or rat) is an animal having cells that contain a transgene, which transgene 
was introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic stage. A transgene is a 
DNA which is integrated into the genome of a cell from which a transgenic animal develops. In one embodiment, 
cDNA encoding TCCR can be used to clone genomic DNA encoding TCCR in accordance with established techniques 

15 and the genomic sequences used to generate transgenic animals that contain cells which express DNA encoding 
TCCR. Methods for generating transgenic animals, particularly animals such as mice or rats, have become 
conventional in the art and are described, for example, in U.S. Patent Nos. 4,736,866 and 4,870,009. Topically, 
particular cells would be targeted for TCCR transgene incorporation with tissue-specific enhancers. Transgenic 
animals that include a copy of a transgene encoding TCCR introduced into the germ line of the animals at an 

20 embryonic stage can be used to examine the effect of increased expression of DNA encoding TCCR. Such animals 
can be used as tester animals for reagents thought to confer protection from, for example, pathological conditions 
associated with its overexpression. In accordance with this facet of the invention, an animal is treated with the 
reagent and a reduced incidence of the pathological condition, compared to untreated animals bearing the transgene, 
would indicate a potential therapeutic intervention for the pathological condition. 

25 Alternatively, "knock out" animals can be constructed which have a defective or altered gene encoding a 

polypeptide identified herein, as a result of homologous recombination between the endogenous gene encoding the 
polypeptide and altered genomic DNA encoding the same polypeptide introduced into an embryonic cell of the 
animal. For example, cDNA encoding a particular polypeptide can be used to clone genomic DNA encoding that 
polypeptide in accordance with established techniques. A portion of the genomic DNA encoding a particular 

30 polypeptide can he deleted or replaced with another gene, such as a gene encoding a selectable marker which can be 
used to monitor integration. Typically, several kilobases of unaltered flanking DNA (both at the 5' and 3' ends) are 
included in the vector [see e.g., Thomas and Capecchi, Cell, 51:503 (1987) for a description of homologous 
recombination vectors]. The vector is introduced into an embryonic stem cell line (e.g., by electroporation) and cells 
in which the introduced DNA has homologously rccombined with the endogenous DNA are selected [see e.g., Li et 

35 al.. Cell, 69:9 1 5 ( 1 992)]. The selected cells are then injected into a blastocyst of an animal (e.g. , a mouse or rat) to form 
aggregation chimeras [see e.g. , Bradley, in Teratocardnomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-1521. A chimeric embryo can then be implanted into a suitable 
pseudopregnant female foster animal and the embryo brought to term to create a "knock out" animal. Progeny 
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harboring the homologously recombined DNA in their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the homologously recombined DNA. Knockout animals can 
be characterized for instance, for their ability to defend against certain pathological conditions and for their 
development of pathological conditions due to absence of the polypeptide. 
5 For the present invention, knockout mice were created in order to study the effect of TXXR 

agonization/antagonization of the Thl and/or Th2 immune response and disorders mediated thereby. 

5. Chimeric receptors 

Additionally, chimeric receptors can be recreated to determine the effect of signaling by a receptor having 
an unknown ligand. Chimeric receptors are a proven means of examining the function of a receptor's function 
10 without isolation of the ligand. Chang et ai, Mol. Cell Biol. 18(2): 896-905 (1998) 

6. ImmunoAdiuvant Therapy 

In one embodiment, the immunostimulating compounds ol'the invention can be used in immunoadjuvant 
therapy for the treatment of tumors (cancer). It is now well established that T cells recognize human tumor specific 
antigens. One group of tumor antigens, encoded by the MAGE, BAGE and GAGE families of genes, are silent in all 

IS adult normal tissues, but are expressed in significant amounts in tumors, such as melanomas, lung tumors, head and 
neck tumors, and bladder carcinomas. DeSmet, C. et al, (1996) Proc. Natl. Acad. Sci. USA, 93:7149. It has been 
shown that costimulation of T cells induces tumor regression and an antitumor response both in vitro and in vivo. 
Melero, I. etai, Natiu-e Medicine (1997) 3:6&2; Kwon, E. D. etaL,Proc. Natl. Acad. Sci. USA (1997) 94:8099; Lynch, 
D. H. etai. Nature Medicine (1997) 3:625; Finn, O. J. and Lotzc, M. T., J. Immunol. (1998) 21:1 14. The stimulatory 

20 compounds of the invention can be administered as adjuvants, alone or together with a growth regulating agent, 
cytotoxic agent or chemothcrapeutic agent, to stimulate T cell proliferation/activation and an antitumor response to 
tumor antigens. The growth regulating, cytotoxic, or chemothcrapeutic agent may be administered in conventional 
amounts using known administration regimes. Immunostimulating activity by the compounds of the invention 
allows reduced amounts of the growth regulating, cytotoxic, or chemolherapeutic agents thereby potentially lowering 

25 the toxicity to the patient. 

7. Screening Assays for Drug Candidates 

Screening assays for drug candidates are designed to identify compounds that bind to or complex with the 
polypeptides encoded by the TCCR nucleic acids identified herein or a biologically active variant thereof, or 
otherwise interfere with the interaction of the encoded polypeptides with other cellular proteins. Such screening 

30 assays will include assays amenable to high-throughput screening of chemical libraries, making them particularly 
suitable for identifying small molecule drug candidates. Small molecules contemplated include synthetic organic or 
inorganic compounds, including peptides, preferably soluble peptides, (poly)peptide-immunoglobulin fusions, and, in 
particular, antibodies including, without limitation, poly- and monoclonal antibodies and antibody fragments, single- 
chain antibodies, anti-idiotypic antibodies, and chimeric or humanized versions of such antibodies or fragments, as 

35 well as human antibodies and antibody fragments. 

The assays can be performed in a variety of formats, including protein-protein binding as.says, biochemical 
screening assays, immunoassays and cell based assays, which are well characterized in tiie art. All of the drug 
candidate screening assays identified herein have the property in common that they call for contacting the drug 
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candidate with an TCCR polypeptide under conditions and for a time sufficient to allow these two molecules to 
interact. 

In binding assays, the interaction is binding and the complex formed can be isolated or detected in the 
reaction mixture. Since the TCCR polypeptides of the present invention are receptors, a TCCR ECD fragment may 
5 also be suitably employed for the purpose of identifying drug candidates including TCCR variants, antagonists 
thereof and/or agonists thereof In a particular embodiment, the polypeptide encoded by the gene identified herein or 
the drug candidate is immobilized on a solid phase, e.g. on a microtiter plate, by covalenl or non-covalent attachments. 
Non-covalent attachment generally is accomplished by coating the solid surface with a solution of the polypeptide and 
drying. Alternatively, an immobilized antibody, e.g. a monoclonal antibody, specific for the polypeptide to be 

10 immobilized can be used to anchor it to a solid surface The assay is performed by adding the non-immobilized 
component, which may be labeled by a detectable label, to the immobilized componeni, e.g. the coaled surface 
containing the anchored component. When the reaction is complete, the non-reacted components are removed, e.g. 
by washing, and complexes anchored on the solid surface are detected. When the originally non-immobilized 
component carries a detectable label, the detection of label immobilized on the surface indicates that complexing has 

15 occurred. Where the originally non-immobilized componeni does not carry a label, complexing can be detected, for 
example, by using a labelled antibody specifically binding the immobilized complex. 

If the candidate compound interacts with but does not bind to a particular TCCR protein identified herein, 
its interaction with that protein can be assayed by methods well known for detecting protein-protein interactions. 
Such assays include traditional approaches, such as, cross-linking, co-immunoprecipitation, and co-purification 

20 through gradients or chromatographic colimins. In addition, protein-protein interactions can be monitored by using 
a yeast-based genetic system described by Fields and co-workers [Fields and Song, Nature (London) 340, 245-246 
(1989); Chien etal., Proc. Natl. Acad. Sci. USA 88: 9578-9582 (1991)] as disclosed by Chevray and Nathans [Proc. 
Natl. Acad Sci. USA 89: 5789-5793 (1991)). Many transcriptional activators, such as yeast GAL4, consist of two 
physically discrete modular domains, one acting as the DNA-binding domain, while the other one Functioning as the 

25 transcription activation domain. The yeast expression system described in the foregoing publications (generally 
referred to as the "two-hybrid system") takes advantage of this property, and employs two hybrid proteins, one in 
which the target protein is fused to the DNA-binding domain of GAL4, and another, in which candidate activating 
proteins are fused to the activation domain. The expression of a GAL 1 -lacZ reporter gene under control of a GAL4- 
activated promoter depends on reconstitution of GAL4 activity via protein-protein interaction. Colonies containing 

30 interacting polypeptides are detected with a chromogenic substrate for p-galactosidase. A complete kit 
(MATCHMAKER™) for identifying protein-protein interactions between two specific proteins using the two-hybrid 
technique is conmiercially available fi-om Clontech. This system can also be extended to map protein domains 
involved in specific protein interactions as well as to pinpoint amino acid residues that are crucial for these 
interactions. 

35 In order to find compounds that interfere with the interaction of a TCCR polypeptide identified herein and 

other intra- or extracellular components can be tested, a reaction mixture is usually prepared containing the product of 
the gene and the intra- or extracellular component under conditions and for a time allowing for the interaction and 
binding of the components. To test the ability of a test compound to inhibit the above interactions, the reaction is run 
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in the absence and in the presence of the test compound. In addition, a placebo may be added to a third reaction 
mixture, to serve as a positive control. The binding (complex formation) between the test compound and the intra- or 
extracellular component present in the mixture is monitored as described above. The formation of a complex in the 
control reaction(s) but not in the reaction mixture containing the test compound indicates that the test compound 
5 interferes with the interaction of the test compound and its reaction partner. 

8. Compositions and Methods for the Treatment of Immune Related Diseases 
The compositions useful in the treatment of immune related diseases {e.g., Thl- and/or Th2-mediated 
disorders) include, without limitation, proteins, antibodies, small organic molecules, peptides, phosphopeptides, 
antiscnse and ribozyme molecules, uiple helix molecules, etc. that inhibit or stimulate immune function, for example, 
1 0 T cell proliferation/activation, lymphokine release, or immune cell infiltration. 

For example, antiscnse RNA and RNA molecules act to directly block the translation of mRNA by 
hybridizing to targeted mRNA and preventing protein transladon. When antisense DNA is used, 
oligodeoxyribonucieotides derived from the translation initiation site, e.g. between about -10 and +10 positions of the 
target gene nucleotide sequence, are preferred. 
1 5 Ribozymcs arc enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. Ribozymes 

act by sequence-specific hybridization to the complementary target RNA, followed by endonuclcolytic cleavage. 
Specific ribozyme cleavage sites within a potential RNA target can be identified by known techniques. For further 
details see, e.g. Rossi, Current Biology 4: 469-471 (1994), and PCT publication No. WO 97/33551 (published 
September 18, 1997). 

20 Nucleic acid molecules in triple helix formation used to inhibit transcription should be single-stranded and 

composed of deoxynucleotides. The base composition of these oligonucleotides is designed such that it promotes triple 
helix formation via Hoog.stccn base pairing rules, which generally require sizeable stretches of purines or pyrimidines 
on one strand of a duplex. For further details see, e.g. PCT publication No. WO 97/33551, supra. 

These molecules can be identified by any or any cnmbination of the screening assays discussed above 

25 and/or by any other screening techniques well Icnown for those skilled in the art. 

The TCCR polypeptides, agouisLs and antagonists (TCCR molecules) described herein may also be employed 
as therapeutic agents. The TCCR molecules of the present invention can be formulated according to known methods 
to prepare pharmaceutically useful compositions, whereby the TCCR molecule is combined in combination with a 
pharmaceutically acceptable carrier vehicle. Therapeutic formulations are prepared for storage by mixing the TCCR 

30 molecules having tiie desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers. 
Remington's Pharmaceutical Sciences 16th edition. Osol. A. Ed. (1980)), in the form of lyophilized formulations or 
aqueous solutions. Acceptable carriers, excipients or stabilizers are nontoxic to recipients at the dosages and 
concenttations employed, and include buffers such as phosphate, citrate and other organic acids; antioxidants 
including ascorbic acid; low molecular weight (less than about 10 residues) polypeptides; proteins, such as semm 

35 albumin, gelatin or immunoglobulins; hydrophilic polymers such a.s polyvinylpyrrolidone, amino acids such as 
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides and other carbohydrates including 
glucose, mannose or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming 
counterions such as sodium; and/or nonionic surfactants such as TWEEN®, PLURONICS® or PEG. 
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The formulations to be used for in vivo administration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes, prior to or following lyophilization and reconstitution. 

Therapeutic compositions herein generally arc placed into a container having a sterile access port, for 
example, an intravenous solution bag or vial having as stopper pierceable by a hypodermic injection needle. 
5 The route of administration is in accord with known methods, e.g., injection or infusion by intravenous, 

intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial or intralesional routes, topical administration, or 
by sustained release systems. 

Dosages and desired drug concentrations ofpharmaceutical compositions of the present invention may vary 
depending on the particular use envisioned. The determination of the appropriate dosage or route of administration 
10 is well within the skill of an ordinary physician. Animal experiments provide reliable guidance for the determination 
of effective doses for human therapy. Interspecies scaling of effective doses can be performed following the 
principles laid down by Mordenti, J. and Chappell, W. "The use of interspecies scaling in toxicokinetics" in 
Toxicokinetics and New Drug Development, Yacobi et al. , Eds., Pcrgamon Press, New York 1 989, pp. 42-96 

When in vivo administration of a TCCR molecules thereof is employed, normal dosage amounts may vary 
1 5 from about 1 0 ng/kg to up to 1 00 mg/kg of mammal body weight or more per day, preferably about 1 |i.g/kg/day to 1 0 
mg/kg/day, depending upon the route of administration. Guidance as to particular dosages and methods of delivery 
is provided in the literature; see, for example, U.S. Pat. Nos. 4,657,760; 5,206,344 or 5,225,212. It is anticipated that 
diftierent formulations will be effective for different treatments and different disorders, and that administration 
intended to treat a specific organ or tissue, may necessitate delivery in a manner different from that to another organ 
20 or tissue. 

Where sustained-release administration of TCCR molecules is desired in a formulation with release 
characteristics suitable for the treatment of any disease or disorder requiring administration of the TCCR molecules, 
microencapsulation of the TCCR molecules is contemplated. Microencapsulation of recombinant proteins for 
sustained release has been successfully performed with human growth hormone (rhGH), intcrteron-a, -p, -Y(rhIFN- 

25 a,-P,-Y),interleukin-2,andMNrgpl20. Johnsone/a/.,Nat.Med.2: 795-799(1996); Yasuda.Bfomet/. Ther.Tl. 1221- 
1 223 { 1 993); Hora etal. , Bio/Technology^: 755-758 ( 1 990); Cleland, "Design and Production of Single Immunization 
Vaccines Using Polylactide Polyglycolide Microsphere Systems" in Vaccine Design: The Subunit and Adjuvant 
Approach, Powell and Newman, eds., (Plenum Press: New York, 1995), pp. 439462; WO 97/03692, WO 96/40072, 
WO 96/07399 and U.S. Pat. No. 5,654,010. 

30 The sustained-release formulations of TCCR molecules may be developed using poly-lactic-coglycolic acid 

(PLGA), a polymer exhibiting a strong degree of biocompatibility and a wide range of biodegradable properties. The 
degradation products of PLGA, lactic and glycolic acids, are cleared quickly from the human body. Moreover, the 
degradability of this polymer can be adjusted from months to years depending on its molectilar weight and 
composition. For fiirther information see Lewis, "Controlled Release of Bioactive Agents from Lactide/Glycolide 

35 polymer, "in Biogradable Polymers as Drug Delivery Systems M. Chasin and R. Langeer, editors (Marcel Dekker: New 
York, 1990), pp. 1-41. 

The present invention also provides for methods of screening compounds to identify those that mimic or 
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enhances a TCCR polypeptide effect (agonists) or prevent or inhibit one or more functions or activities of an TCCR 
polypeptide. Preferably such antagonists and agonists are TCCR variants, peptide fragments small molecules, antisense 
oligonucleotides (DNA or RNA) or antibodies (monoclonal, humanized, specific, single-chain, heteroconjugate or 
fragment of the aforementioned). Additionally, TCCR antagonists can include potential TCCR ligands, while 
5 potential TCCR agonists can include soluble TCCR extracellular domains (ECD). 

Screening assays for antagonist and/or agonist drug candidates are designed to identify compounds that bind 
or complex with the TCCR polypeptides encoded by the genes identified herein, or otherwise interfere with the 
interaction of the encoded polypeptides with other cellular proteins. Such screening assays will include assays 
amenable to high-throughput screening of chemical libraries, making them particularly suitable for identifying small 
1 0 molecule drug candidates. 

The assays can be performed in a variety of formats, including protein-protein binding assays, biochemical 
screening assays, immunoassays, and cell-based assays, which are well characterized in the art. 

The screening assays contemplated herein for antagonists have in common the process of contacting tiie 
drug candidate witii a TCCR polypeptide under conditions and for a time sufficient to allow these two components to 
15 interact. 

Examples of suitable assays useful to identify TCCR antagonists and agonists have been identified 
previously above under 7. Screening Assays for Drug Candidates. 

As an additional example of an antagonists assay, the TCCR polypeptide may be added to a cell along with 
the compound to be screened for a particular activity and the ability of the compound to inhibit the activity of interest 

20 in the presence of the TCCR polypeptide indicates that the compound is an antagonist to the TCCR polypeptide. 
Alternatively, antagonists may be detected by combining the TCCR polypeptide and a potential antagonist with 
membrane-bound TCCR polypeptide receptors or recombinant receptors under appropriate conditions for a 
competitive inhibition assay. The TCCR polypeptide can be labeled, such as by radioactivity, such that the number 
of TCCR polypeptide molecules bound to the receptor can be used to determine the effectiveness of the potential 

25 antagonist. The gene encoding the receptor can be identified by numerous methods known to those of skill in the art, 
for example, ligand panning and FACS sorting. Coligan et ai, Current Protocols in Immunol. 1(2): Ch 5 (1991). 
Preferably, expression cloning is employed wherein polyadcnylated RNA is prepared from a cell responsive to the 
TCCR polypeptide and a cDNA library created from this RNA is divided into pools and used to transfect COS cells 
or other cells that are not responsive to the TCCR polypeptide. Transfected cells that are grown on glass slides are 

30 exposed to labeled TCCR polypeptide. The TCCR polypeptide can be labeled by a variety of means including 
iodination or inclusion of a recognition site for a site-specific protein kinase. Following fixation and incubation, die 
slides are subjected to autoradiographic analysis. Positive pools are identified and sub-pools are prepared and re- 
ti-ansfected using an interactive sub-pooling and re-screening process, eventually yielding a single clone that encodes 
the putative receptor. 

35 In another assay for antagonists, mammalian cells or a membrane preparation expressing the receptor would 

be incubated with labeled TCCR polypeptide in the presence of the candidate compound. The ability of the compound 
to enhance or block this interaction could then be measured. 

More specific examples of potential antagonists include an oligonucleotide that binds to the fusions of 
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immunoglobulin with TCCR polypeptide, and in particular, antibodies including, without limitation, poly- and 
monoclonal antibodies and antibody fragments, single chain antibodies, anti-idiotypic antibodies, and chimeric or 
humanized versions of such antibodies or fragments, as well as human antibodies and antibody fragments. 
Alternatively, a potential antagonist may be a closely related protein, for example, a mutated form of the TCCR 
5 polypeptide that recognized the ligand but imparts no effect, thereby competitively inhibiting the action of the TCCR 
polypeptide. Finally, another potential TCCR antagonist is a TCCR BCD which can compete for available ligand, 
effectively leaving the native TCCR receptor signal free. 

Another potential TCCR polypeptide antagonist is an antisense RNA or DNA construct prepared using 
antisense technology, where, e.g. , an antisense RNA or DNA molecule acts to block directly the translation of mRNA 

10 by hybridizing to targeted mRNA and preventing protein translation. Antisense technology can be used to control 
gene expression through triple-helix formation or antisense DNA or RNA, both of which methods are based on 
binding of a polynucleotide to DNA or RNA. 

For example, the 5' coding portion of the polynucleotide sequence, which encodes the mature TCCR 
polypeptides herein, is used to design an antisense RNA oligonucleotide from about 10 to 40 base pairs in length. A 

1 5 DNA oligonucleotide is designed to be complementary to a region of the gene involved in Uanscription (triple helix - 
see Lee et al, Nucl. Acids. Res. 6: 3073 ( 1 979); Cooney et al. Science 241: 456 ( 1988); Dcrvan et al.. Science, 251 : 
1360 (1991)), thereby preventing transcription and the production of the TCCR polypeptide. The antisense RNA 
oligonucleotide hybridizes to the mRNA in vivo and blocks translation of the mRNA molecule into the TCCR 
polypeptide (antisense - Okano, Nerochem. 56: 560 (1991); Oligodeoxynucleotides as Antisense Inhibitors of Gene, 

20 Expression (CRC Press: Boca Raton, FL, 1988). The oligonucleotides described above can also be delivered to cells 
such that the antisense RNA or DNA may be expressed in vivo to inhibit production of the TCCR polypeptide. When 
antisense DNA is used, oligodeoxyribonucleotides derived from the translation-initiation site, e.g., between about -10'. 
and +10 positions of the target gene nucleotide sequence arc preferred. 

Potential antagnnisls include small molecules that bind to the active site, the receptor binding site, or growth; 

25 factor or other relevant binding site of the TCCR polypeptide, thereby blocking the normal biological activity of the 
TCCR polypeptide. Examples of small molecules include, but are not limited to, small peptides or peptide-like 
molecules, preferably soluble peptides, and synthetic non-peptidyl organic or inorganic compounds. 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA, Ribozymes 
act by sequence-specific hybridization to the complementary target RNA, followed by endonucleolytic cleavage. 

30 Specific ribozyme cleavage sites within a potential RNA target can be identified by known techniques. For further 
details, see, e.g. Rossi, Current Biology, 4: 469-471 (1994), and PCR publication No. WO 97/33551 (published 
September 18, 1997). 

Nucleic acid molecules in triple-helix formation used to inhibit transcription should be single-sttanded and 
composed of deoxynucleotides. The base composition of these oligonucleotides is designed such that it promotes 
35 ttiple-helix formation via Hoogsteen base-pairing rules, which generally require sizeable stretches of purines or 
pyrimidines on one strand of a duplex. For further details, see, e.g., PCT publication No. WO 97/3355 1 , supra. 

These molecules can be identified by any one or more of the screening assays used hereinabove and/or by 
any other screening techniques well known for those skilled in the art. 
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10. TCCR and gene therapy 

Nucleic acid encoding the TCCR polypeptides may also be used in gene therapy. In gene therapy 
applications, genes are introduced into ceils in order to achieve in vivo .synthesis of a therapeutically effective 
genetic product, for example for replacement of a defective gene. "Gene therapy" includes both conventional gene 
5 therapy where a lasting effect is achieved by a single treatment, and the administration of gene therapeutic agents, 
which involves the one time or repeated administration of a therapeutically effective amount of DNA or mRNA. 
Antisense RNAs and DNAs can be used as therapeutic agents for blocking the expression of certain genes in vivo. 
It has already been shown that short antisense oligonucleotides can be imported into cells where they act as inhibitors, 
despite their low intracellular concentrations caused by their restricted uptake by the cell membrane. Zamecnik et al, 

10 Proc. Natl. Acad. Sci. 83:4143-4146(1986)). Theoligonucleotides can be modified to enhance their uptake, e.g., 
by substituting their negatively charged phosphodiester groups by uncharged groups. 

There arc a variety of techniques available for inU-oducing nucleic acids into viable cells. The techniques 
vary depending upon whether the nucleic acid is transferred into cultured cells in vitro, or in vivo in the cells of the 
intended host. Techniques suitable for the transfer of nucleic acid into mammalian cells in vitro include the use of 

15 liposomes, clectroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate precipitation method, 
etc. The currently preferred in vivo gene transfer techniques include transfection with viral (typically retroviral) 
vectors and viral coat protein-liposome mediated transfection (Dzau et al. Trends in Biotechnology U.: 205-210 
(1993)). In some situations it is desirable to provide the nucleic acid source with an agent that Uirgets the target cells, 
such as an antibody specific for a cell surface membrane protein or the target cell, a ligand for a receptor on the target 

20 cell, etc. Where liposomes are employed, proteins which bind to a cell surface membrane protein associated with 
endocytosis may be used for targeting and/or to facilitate uptake, e.g., capsid proteins or fragments thereof tropic for 
a particular cell type, antibodies for proteins which undergo internalization in cycling, proteins that target 
intracellular localization and enhance intracellular half-life. The technique of receptor-mediated endocytosis is 
described, for example, by Wu etai. J. Bio. Chem. 262: 4429-4432 (1987); and Wagner et al., Proc. Natl. Acad Sci. 

25 USASl: 3410-3414(1990). For review of gene marking and gene therapy protocols see Anderson etai, Science 256: 
808-813(1992). 

11. Antibodies 

The present invention further provides anti-TCCR antibodies. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate antibodies, including antibody fragments which may 
30 inhibit (antagonists) or stimulate (agonists) T cell proliferation, eosinophil infiltration, etc. 

i. PoLvdonal Antibodies 

The anti-TCCR antibodies may comprise polyclonal antibodies. Methods of preparing polyclonal 
antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in a mammal, for example, by one or 
more injections of an immunizing agent and, if desired, an adjuvant. Typically, the immunizing agent and/or adjuvant 
35 will be injected in the mammal by multiple subcutaneous or intraperitoneal injections. The immunizing agent may 
include the TCCR polypeptide or a fusion protein thereof. It may be useful to conjugate the immunizing agent to a 
protein known to be immunogenic in the mammal being immunized. Examples of such immunogenic proteins 
include but are not limited to keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean trypsin 
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inhibitor. Examples of adjuvants which may be employed include Freund's complete adjuvant and MPL-TDM 
adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate). The immunization protocol may be 
selected by one skilled in the art without undue experimentation. 

ii. Monoclonal Antibodies 
5 The anti-TCCR antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be 

prepared using hybridoma methods, such as those described by Kohler and Milstein, Nature, 256:495 (1975). In a 
hybridoma method, a mouse, hamster, or other appropriate host animal, is typically immunized with an immunizing 
agent to elicit lymphocytes that produce or are capable of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized in vitro. 

10 The immunizing agent will typically include the TCCR polypeptide or a fusion protein thereof Generally, 

either peripheral blood lymphocytes ("PBLs") are used if cells of human origin arc desired, or spleen cells or lymph 
node cells are used if non-human mammalian sources are desired. The lymphocytes arc then fused with an 
immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to fomn a hybridoma cell [Coding, 
Monoclonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 59-103]. Immortalized cell lines are 

15 usually transfomied mammalian cells, particularly myeloma cells of rodent, bovine and human origin. Usually, rat 
or mouse myeloma cell lines are employed. Hie hybridoma cells may be cultured in a suitable culture medium that 
preferably contains one or more substances that inhibit the growth or survival of the unfused, immortalized cells. For 
example, if the parental cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), 
the culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine ("HAT 

20 medium"), which substances prevent the growth of HGPRT-deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support stable high level expression of 
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More 
preferred immortalized cell lines are murine myeloma lines, which can be obtained, for instance, from the Salk Institute 
Cell Distribution Center, San Diego, California and the American Type Culture Collection, Rockville, Maryland. 

25 Human myelomaand mouse-human heteromyelomacelilincsalso have been described for the production of human 
monoclonal antibodies [Kozbor, J. Immunol., _[33:300l (1984); Brodeur et al. Monoclonal Antibody Production 
Techniques and Applications, Marcel Dekker, Inc., New York, ( 1 987) pp. 5 1 -63]. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of 
monoclonal antibodies directed against TCCR, Preferably, the binding specificity of monoclonal antibodies produced 

30 by the hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELIS A). Such techniques and assays are known 
in the art. The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis 
of Munson and Pollard, Anal. Biochem. 102:220 (1980). 

After the desired hybridoma cells are identilied, the clones may be subcloned by limiting dilution procedures 

35 and grown by standard methods [Coding, supra]. Suitable culture media for this purpose include, for example, 
Dulbecco's Modified Eagle's Medium and RPMI-1 640 medium. Alternatively, the hybridoma cells may be grown in 
vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture medium 



wo 01/29070 PCT/USOO/28827 
or ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose, 
hydroxyapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those described in U.S. 
Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the invention can be readily isolated and 
5 sequenced using conventional procedures {e.g. , by using oligonucleotide probes that are capable of binding specifically 
to genes encoding the heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then 
transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not 
otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host 

10 cells. The DNA also may be modified, for example, by substituting the coding sequence for human heavy and light 
chain constant domains in place of the homologous murine sequences [U.S. Patent No. 4,816,567; Morrison et al., 
i upra] or by covalenlly joining to the immunoglobulin coding sequence all or part of the coding sequence for a non- 
immunoglobulin polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant domains 
of an antibody of the invention, or can be substituted for the variable domains of one antigen-combining site of an 

13 antibody of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well 
known in the art. For example, one method involves recombinant expression of immunoglobulin light chain and 
modified heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy 
chain crosslinking. Alternatively, the relevant cysteine residues arc substituted with another amino acid residue or are 

20 deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques known in thcarL 
iii. Human and Humanized Antibodies 
The anti-TCCR antibodies of the invention may lurther comprise humanized antibodies or human 

25 antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human immunoglobulin. Humanized antibodies 
include human immunoglobulins (recipient antibody) in which residues from a complementary determining region 
(CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, 

30 rat or rabbit having the desired specificity, affinity and capacity. In some instances, Fv framework residues of the 
human immunoglobulin are replaced by corresponding non-human residues. Humanized antibodies may also 
comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework 
sequences. In general, the humanized antibody will comprise substantially all of at least one, and typically two, 
variable domains, in which all or .substantially all of the CDR regions correspond to those of a non-human 

35 immunoglobulin and all or substantially all of the FR regions are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant 
region (Fc), typically that of a human immunoglobulin [Jones etai. Nature, 321:522-525 (1986); Riechmann etal. 
Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct Biol., 2:593-596 (1992)]. 
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Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human amino acid residues are often referred to as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed following the method of Winter and coworkers [Jones 
5 et al. Nature, 321:522-525 (1986); Riechmann et oL, Nature, 332:323-327 (1988); Verhoeyen et aL. Science, 
239 : 1 534- 1 536 (1988)J, by substituting rodent CDRs or CDR sequences for the corresponding sequences of a human 
antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), wherein 
substanlialiy less than an intact human variable domain has been substituted by the corresponding sequence from a 
non-human species. In practice, humanized antibodies are typically human antibodies in which some CDR residues 
10 and possibly some FR residues are substituted by residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art, including phage display 
hbraries [Hoogenboom and Winter, 7. Mo/. BwL 227:381 (1991); Marks a/., / A/o/. 5/o/., 222:581 (1991)]. The 
techniques of Cole et aL and Boemcr et al. are also available for the preparation of human monoclonal antibodies 
(Cole et al.. Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boemcr et aL, J. Immunol, 
15 147(l) :86-95 (1991); U. S. 5,750, 373]. Similarly, human antibodies can be made by introducing of human 
immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous immunoglobulin genes have been 
partially or completely inactivated. Upon challenge, human antibody production is observed, which closely resembles 
that seen in humans in all respects, including gene rearrangement, assembly, and antibody repertoire. This approach 
is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625, 1 26; 5,633,425; 5,66 1 ,01 6, and 
20 in the following scientific publications: Marks etal., Bio/Technology \0, 779-783 (1992); Lonbergef a/.. Nature 36^: 
856-859 (1994); Morrison, Nature 368: 812-13 (1994); Fishwild et al.. Nature Biotechnology \4: 845-51 (1996); 
Neuberger, Nature Biotechnology U: 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol 13: 65-93 (1995). 

The antibodies may also be affinity matured using known selection and/or mutagenesis methods as 
described above. Preferred affinity matured antibodies have an affinity which is five times, more preferably 10 times, 
25 even more preferably 20 or 30 times greater than the starting antibody (generally murine, humanized or human) from 
which the matured antibody is prepared. 

iv. Bispecific Antibodies 
Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at least two different antigens. In the present case, one of the binding specificities may be for the 
30 polypeptide of the invention, the other one is for any other antigen, and preferably for a cell-surface protein or receptor 
or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant production of 
bispecific antibodies is based on the coexpression of two itmnunoglobulin heavy-chain/light-chain pairs, where the 
two heavy chains have different specificities (Milstein and Cuello, Nature, 305:537-539 [1983]). Because of the 
35 random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has the correct bispecific structure. The purification 
of the correct molecule is usually accomplished by affinity chromatography steps. Similar procedures are disclosed 
in WO 93/08829, published 13 May 1993, and in Traunecker et aL, EMBO J., 10:3655-3659 (1991). 
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Antibody variable domains with the desired binding specificities (antibody-antigen combining sites) can be 
fused to immunoglobulin constant domain sequences. The fusion preferably is with an immunoglobulin heavy-chain 
constant domain, comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy- 
chain constant region (CHI ) containing the site necessary for light-chain binding present in at least one of the fusions. 
5 DNAs encoding die immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin Ught chain, are 
inserted into separate expression vectors, and are cotransfected into a suitable host organism. For further details of 
generating bispecific antibodies see, for example, Suresh et ai, Methods in Enzymology, 121:210 (1986). 

According to another approach described in WO 96/2701 1, the interface between a pair of antibody 
molecules can be engineered to maximize the percentage of heterodimers which are recovered from recombinant cell 
10 culture. The preferred interface comprises at least a part of the CH3 region of an antibody constant domain. In this 
method, one or more small amino acid side chains form the interface of the first antibody molecule are replaced with 
larger side chains (e.g., Iryosine or tryptophan). Compensatory "cavities" of identical or similar size to the large 
chain(s) are created on the interface of the second antibody molecule by replacing large amino acid side chains with 
small ones (e.g., alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer over 
15 other unwanted end-products such as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments (e.g., F(ab')2 bispecific 
antibodies). Techniques for generating bispecific antibodies from antibody fragments have been described in the 
literature. For example, bispecific antibodies can be prepared using chemical linkage. Brennan et al. , Science 229: 8 1 
(1985) describe a procedure wherein intact antibodies are proteolytically cleaved to generate F(ab')2 fragments. 
20 These fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols 
and prevent intermolecular disulfide formation. The Fab' fragments generated arc then converted to 
thionitrobenzoate (TNB) derivatives. One of the Fab' fragments generated are then converted to thionitrobenzoate 
(TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by reduction with 
mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB derivative to form the bispecific 
25 antibody. The bispecific antibodies produced can be used as agents for the selective immobilization of enzymes. 

Fab' fragments may be directly recovered from E coli and chemically coupled to form bispecific 
antibodies. Shalaby etal.,J. Exp. Med. 175: 217-225 (1992) describe the production of a fully humanized bispecific 
antibody F(ab')2 molecule. Each Fab' fragment was separately secreted from E. coli and subjected to directed 
chemical coupling in vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to 
30 cells overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity of human 
cytotoxic lymphocytes against human breast tumor tcirgets. 

Various techniques are known for making and isolating bispecific antibody fragments directly from 
recombinant cell culture. For example, bispecific antibodies have been produced using leucine zippers. Kostelny et 
al, J. Immunol. 148(5): 1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins were linked to 
35 the Fab' portions of two different antibodies by gene fusion. The antibody homodimers were reduced at the hinge 
region to form monomers and then re-oxidized to form the antibody heterodimers. This method can also be utilized 
for the production of antibody homodimers. The "diabody " technology described by Hollinger etaL, Proc. Natl Acad. 
ScL USA 90: 6444-6448 (1993) has provided as alternative mechanism for making bispecific antibody ft-agments. The 
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fragments comprise a heavy-chain variable domain (VH) connected to a light-chain variable domain (VL) by a linker 
which it too short to allow paring between the two domains on the same chain. Accordingly, the VH and VL domains 
of one fragment are forced to pair with the complementary VL and VH domains of another fragment, thereby 
forming two antigen-binding sites. Another strategy for making bispecific antibody fragments by the use of single- 
5 chain Fv (sFv) dimers has also been reported. See. Grugcrgf a/.. / Immunol 152:5368 (1994). Antibodies with more 
than two valencies are contemplated. For example, trispecific antibodies can be prepared. Tutt et al, J. Immunol. 147 : 
60(1991). 

Exemplary bispecific antibodies may bind to two different epitopes on a given TCCR polypeptide. 
Alternatively, an anti-TCCR polypeptide arm may be combined with an arm which binds to a triggering molecule on 

10 a leukocyte such as a T-cell receptor molecule (e.g., CD2, CD3, CD28 or B7), or Fc receptors for IgG (Fc'^), such 
as FcyRI (CD64), FcyRIl (CD32) and FcyRIII (CD 16) so as to focus cellular defense mechanisms to the cell 
expressing the particular TCCR polypeptide. Bispecific antibodies may also be used to localize cytotoxic agents to 
cells which express a particular TCCR polypeptide. TTiese antibodies possess a TCCR-binding arm and an arm 
which binds a cytotoxic agent or a radionucleotide chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another 

15 bispecific antibody of interest binds the TCCR polypeptide and further binds tissue factor (IF). 

V. Heteroconiugate Antibodies 
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted cells [U.S. Patent No. 4,676,980], and for 
Ueatment of HIV infection [WO 91/00360; WO 92/200373; EP 03089]. It is contemplated that the antibodies may be 

20 prepared in vitro using known methods in synthetic protein chemistry, including those involving crosslinking agents. 
For example, immunotoxins may be constructed using a disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate and those 
disclosed, for example, in U S. Patent No. 4,676,980. 

25 It may be desirable to modify the antibody of the invention with respect to effector function, so as to enhance 

the effectiveness of the antibody in treating an immune related disease, for example. For example cysteine residue(s) 
may be introduced in the Fc region, thereby allowing interchain disulfide bond formation in this region. The 
. homodimeric antibody thus generated may have improved internalization capability and/or increased complement- 
mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et al. , J. Exp Med. 176: 1191- 

30 1 195 (1992) and Shopes, B. J. Immunol. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor 
activity may also be prepared using heterobifunctional cross-linkers as described in Wolff et al. Cancer Research 
53:2560-2565 (1993). Alternatively, an antibody can be engineered which has dual Fc regions and may thereby have 
enhanced complement lysis and ADCC capabibties. See Stevenson cf a/., Anti-Cancer Drug Design 3:219-230 
(1989). 

35 vii. Immunoconiugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent 
such as a chemotherapeutic agent, toxin (e.g. an enzymatically active toxin of bacterial, fungal, plant or animal origin, 
or fragments thereof), or a radioactive isotope (i.e., a radioconjugate). 
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Chemotherapeutic agents useful in the generation of such immunoconjugates have been described above. 
Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain, nonbinding active 
fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, 
modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, 
5 PAPn, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, 
restrictocin, phenomycin, enomycin and the Iricothecenes. A variety of radionuclides are available for the production 
of radioconjugated antibodies. Examples include ^'^i, '^'in, ^°Yand '^e. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional protein coupling 
agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional derivatives of 
10 imidoestcrs (such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as 
glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such 
as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolycne 2,6-diisocyanate), and bis-active fluorine 
compounds (such as 1 ,5-difluoro-2,4-dinitrobcnzcne). For example, aricin immunotoxin can be prepared as described 
in Vitetta et al. , Science 238: 1098 (1987). Carbon- 14-labeled l-isothiocyanatobenzyl-3-methyldielhylene 
15 triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the 
antibody. See W094/1 1 026. 

In another embodiment, the antibody may be conjugated to a "receptor" (such as streptavidin) for utilization 
in tissue pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed by removal of 
unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" {e.g. avidin) which 
20 is conjugated to a cytotoxic agent {e.g. a radionucleotide). 

viii. Immunoliposomes 

The proteins, antibodies, etc. disclosed herein may also be formulated as immunoliposomes. Liposomes 
containing the antibody are prepared by methods known in the art, such as described in Epstein et al., Proc. Natl. Acad. 
ScL USA 82:3688 (1985); Hwang etal, Proc. Natl Acad. Set. USATJimO (1980); and U.S. Pat. Nos. 4,485,045 and 

25 4,544,545. Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-PE). 
Liposomes are extmded through filters of defined pore size to yield liposomes with the desired diameter. Fab' 
fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin et al, J. 

30 Biol. Chem. 257: 286-288 ( 1 982) via a disulfide interchange reaction. A chemotherapeutic agent (such as doxorubicin) 
may be optionally contained within the liposome. See Gabizon etal., J. National Cancer Inst. 81(19): 1484 (1989). 

ix. Uses for anti-TCCR Antibodies 

The anti-TCCR antibodies of the present invention have various utilities. For example, anti-TCCR 
antibodies may be used in diagnostic assays for TCCR, e.g., detecting its expression in specific cells, tissues, or 
35 serum. Various diagnostic assay techniques known in the art may be used, such as competitive binding assays, direct 
or indirect sandwich assays and immunoprecipitation assays conducted in either heterogeneous or homogenous 
phases [Zola, Monoclonal Antibodies: A Manual of Techniques, CRC Press, Inc. (1 987) pp. 147-158]. The antibodies 
used in the diagnostic assays can be labeled with a detectable moiety. The detectable moiety should be capable of 
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producing, either directly or indirectly, a detectable signal. For example, the detectable moiety may be a radioisotope, 
such as ^H, ''*C, ^^S or '^I, a fluorescent or chemiluminescent compound, such as fluorescein isothiocynante, 
rhodamine, or luciferin, or an enzyme, such as alkaline phosphatase, beta-galactosidase or horseradish peroxidase. 
Any method known in the art for conjugating the antibody to the detectable moiety may be employed, including those 
5 methods described by Hunter etal. Nature 144: 945 (1962); David etal. Biochemistry Vy. 1014 (1974); Pain etal. 
J. Immunol. Meth. 40: 219 (1981) and Nygren, J. Histochem. Cytochem. 30: 407 (1982). 

Anti-TCCR antibodies also are useful for the affinity purification of TCCR from recombinant cell culture or 
natural sources. In this process, the antibodies against TCCR are immobilized on a suitable support, such a Sephadex 
resin or filter paper, using methods well known in the art. The immobilized antibody then is contacted with a 
10 sample containing the TCCR to be purified, and thereafter the support is washed with a suitable solvent that will 
remove substantially all the material in the sample except the TCCR, which is bound to the immobilized antibody. 
Finally, the support is washed with another suitable solvent that will release the TCCR from the antibody. 
10. Pharmaceutical Compositions 
The active molecules of the invention, polypeptides and antibodies, as well as other molecules identified by 
1 5 the screening assays disclosed above, can be administered for the u-eatment of immune related diseases, in the form 
of phannaceutical compositions. 

In order to target the intracellular portion of TCCR or to target TCCR while it is still intracellular, 
internalizing antibodies may be used. Additionally, lipofections or liposomes can also be used to deliver the antibody, 
or an antibody fragment, into cells. Where antibody fragments are used, the smallest inhibitory fragment that 
20 specifically binds to the binding domain of the target protein is preferred. For example, based upon the variable-region 
sequences of an antibody, peptide molecules can be designed that retain the ability to bind the target protein 
sequence. Such peptides can be synthesized chemically and/or produced by recombinant DNA technology. See, 
e.g., Marasco etal., Proc. Natl. Acad. Sci. USA 90: 7889-7893 (1993). 

Therapeutic formulations of the active molecule, preferably a polypeptide or antibody of the invention, are 
25 prepared for storage by mixing the active molecule having the desired degree of purity with optional pharmaceutically 
acceptable carriers, excipients or stabilizers (Remington 's Pharmaceutical Sciences 16th edition, Osol, A. Ed. [1980]), 
in the form of lyophilizcd formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are 
nontoxic to recipients at the dosages and concentrations employed, and include buffers such as phosphate, citrate, and 
other organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as 
30 octadecyldiniethylbcnzyl ainmonium chloride; hcxamethonium chloride; benzalkonium chloride, benzethonium 
chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; 
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues) polypeptides; proteins, 
such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids 
such as glycine, glutamine, a.sparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other 
35 carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, 
mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); 
and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). 

Compounds identified by the screening assays of the present invention can be formulated in an analogous 
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manner, using standard techniques well known in the art. 

Hie formulation herein may also contain more than one active compound as necessary for the particular 
indication being treated, preferably those with complementary activities that do not adversely affect each other. 
Alternatively, or in addition, the composition may comprise a cytotoxic agent, cytokine or growth inhibitory agent. 
5 Such molecules are suitably present in combination in amounts that are effective for the purpose intended. 

The active molecules may also be entrapped in microcapsules prepared, for example, by coacervation 
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gclatin-microcapsules and poiy- 
(methylmelhacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such techniques are 
10 disclosed in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Eid. (1980). 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-releasepreparations include 
semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form of 
IS shaped articles, films, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels 
(for example, poly(2-hydroxyethy!-melhaciylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), 
copolymers of L-glutamic acid and yethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid- 
glycolic acid copolymers such as the LUPRON DEPOT ™ (injectable microspheres composed of lactic acid-glycolic 
acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl 
20 acetate and lactic acid-glycolic acid enable release of molecules for over 1 00 days, certain hydrogels release proteins 
for shorter time periods. When encapsulated antibodies remain in the body for a long time, they may denature or 
aggregate as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes in 
immunogenicity. Radonal strategies can be devised for stabilization depending on the mechanism involved. For 
example, if the aggregation mechanism is discovered to be intermolecular S-S bond formation tiuough thio-disulFide 
25 interchange, stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, 
controlling moisture content, using appropriate additives, and developing specific polymer mauix compositions. 
11. Methods of Treatment 
It is contemplated that the polypeptides, antibodies and other active compounds of the present invention 
may be used to treat various immune related diseases and conditions, such as T cell mediated diseases, including 
30 those characterized by infiltration of inflammatory cells into a tissue, stimulation of T-cell proliferation, inhibition of 
T-cell proliferation, increased or decreased vascular permeability or the inhibition thereof. 

Exemplary conditions or disorders to be treated with the polypeptides, antibodies and other compounds of 
the invention, include, but are not limited to systemic lupus erythematosis, rheumatoid arthritis, juvenile chronic 
arthritis, osteoarthritis, spondyloarthropathies, systemic sclerosis (scleroderma), idiopathic inflammatory myopathies 
35 (deimatomyositis, polymyositis), Sjogren's syndrome, systemic vasculitis, sarcoidosis, autoimmune hemolytic anemia 
(immune pancytopenia, paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia (idiopathic 
thrombocytopenic purpura, immune-mediated thrombocytopenia), thyroiditis (Grave's disease, Hashimoto's thyroiditis. 
Juvenile lymphocytic thyroiditis, atrophic thyroiditis), diabetes mellitus, immune-mediated renal disease 
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(glomerulonephritis, tubulointerstitial nephritis), demyelinating diseases of the central and peripheral nervous systems 
such as multiple sclerosis, idiopathic demyelinating polyneuropathy or Guillain-Barre syndrome, and chronic 
inflammatory demyelinating polyneuropathy, hepatobiliary diseases such as infectious hepatitis (hepatitis A, B, C, 
D, E and other non-hepatotropic viruses), autoimmune chronic active hepatitis, primary biliary cirrhosis, 
5 granulomatous hepatitis, and sclerosing cholangitis, inflammatory bowel disease (ulcerative colitis: Crohn's disease), 
gluten-sensitive enteropathy, and Whipple's disease, autoimmune or immune-mediated skin diseases including bullous 
skin diseases, erythema multiforme and contact dermatitis, psoriasis, allergic diseases such as asthma, allergic rhinitis, 
atopic dermatitis, food hypersensitivity and urticaria, immunologic diseases of the lung such as eosinophilic 
pneumonias, idiopathic pulmonary fibrosis and hypersensitivity pneumonitis, transplantation associated diseases 

1 0 including graft rejection and graft -versus-host-disease. 

In systemic lupus erythematosus, the central mediator of disease is the production of auto-reactive antibodies 
to self proteins/tissues and the subsequent generation of immune-mediated inflammation, antibodies either directly 
or indirectly mediate tissue injury. Though T lymphocytes have not been shown to be directly involved in tissue 
damage, T lymphocytes are required for the development of auto-reactive antibodies. The genesis of the disease is 

15 thus T lymphocyte dependent. Multiple organs and systems are affected clinically including kidney, lung, 
musculoskeletal system, mucocutaneous, eye, central nervous system, cardiovascular system, gastrointestinal tract, 
bone marrow and blood. 

Rheumatoid arthritis (RA) is a chronic systemic autoimmune inflammatory disease that mainly involves the 
synovial membrane of multiple joints with resultant injury to the articular cartilage. The pathogenesis is T lymphocyte 

20 dependent and is associated with the production of rheumatoid factors, auto-antibodies directed against self IgG, with 
the resultant fbnnation of immune complexes that attain high levels in joint fluid and blood. These complexes in the 
joint may induce the marked infiltrate of lymphocytes and monocytes into the synovium and subsequent marked 
synovial changes; the joint space/fluid if infiltrated by similar cells with the addition of numerous neutrophils. 
Tissues af f ected are primarily the joints, often in symmetrical pattern. However, extra-articular disease also occurs 

25 in two major forms. One form is the development of extra-articular lesions with ongoing progressive joint disease and 
typical lesions of pulmonary fibrosis, vasculitis, and cutaneous ulcers. The second form of extra-articular disease is 
the so called Felty's syndrome which occurs late in the RA disease course, sometimes after joint disease has become 
quiescent, and involves the presence of neutropenia, thrombocytopenia and splenomegaly. This can be accompanied 
by vasculitis in multiple organs with formations of infarcts, skin ulcers and gangrene. Patients often also develop 

30 rheumatoid nodules in the subcutis tissue overlying affected joints; the nodules late stage have necrotic centers 
surrounded by a mixed inflammatory cell infiltrate. Other manifestations which can occur in RA include: 
pericarditis, pleuritis, coronary arteritis, intestitial pneumonitis with pulmonary fibrosis, keratoconjunctivitis sicca, 
and rhematoid nodules. 

Juvenile chronic arthritis is a chronic idiopathic inflammatory disease which begins often at less than 16 
35 years of age. Its phenotype has some similarities to RA; some patients which are rhematoid factor positive are 
classified as juvenile rheumatoid arthritis. The disease is sub-classified into three major categories: pauciarticular, 
polyarticular, and systemic. The arthritis can be severe and is typically destructive and leads to joint ankylosis and 
retarded growth. Other manifestations can include chronic anterior uveitis and systemic amyloidosis. 
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Spondyloarthropathies are a group of disorders with some common clinical features and the common 
association with the expression of HLA-B27 gene product. The disorders include: ankylosing sponylitis, Reiter's 
syndrome (reactive arthritis), arthritis associated with inflammatory bowel disease, spondylitis associated with psoriasis, 
juvenile onset spondyloarthropathy and undifferentiated spondyloarthropathy. Distinguishing features include 
5 sacroileitis with or without spondylitis; inflammatory asymmetric arthritis; association with HLA-B27 (a serologically 
defined allele of the HLA-B locus of class I MHC); ocular inflammation, and absence of autoantibodies associated with 
other rheumatoid disease. The cell most implicated as key to induction of the disease is the CD8+ T lymphocyte, a cell 
which targets antigen presented by class I MHC molecules. CD8+ T cells may react against the class I MHC allele 
HLA-B27 as if it were a foreign peptide expressed by MHC class I molecules. It has been hypothesized that an epitope 

10 of HLA-B27 may mimic a bacterial or other microbial antigenic epitope and thus induce a CD8+ T cells response. 

Systemic sclerosis (scleroderma) has an unknown etiology. A hallmark of the disease is induration of the skin; 
likely this is induced by an active inflammatory process. Scleroderma can be localized or systemic; vascular lesions 
arc common and endothelial cell injury in the microvasculature is an early and important event in the development of 
systemic sclerosis; the vascular injury may be immune mediated. An immunologic basis is implied by the presence 

IS of mononuclear cell infiltrates in the cutaneous lesions and the presence of anti-nuclear antibodies in many patients. 
ICAM-1 is often uprcgulated on the cell surface of fibroblasts in skin lesions suggesting that T cell interaction with 
these cells may have a role in the pathogenesis of the disease. Other organs involved include: the gastrointestinal tract: 
smooth muscle atrophy and fibrosis resulting in abnormal peristalsis/motility ; kidney: concentric subendothelial intimal 
proliferation affecting small arcuate and interlobular arteries with resultant reduced renal cortical blood flow, results 

20 in proteinuria, azotemiaand hypertension; skeletal muscle: atrophy, interstitial fibrosis; inflammation; lung: interstitial 
pneumonitis and interstitial fibrosis; and heart: contraction band necrosis, scarring/fibrosis. 

Idiopathic inflammatory myopathies including dermatomyositis, polymyositis and others are disorders of 
chronic muscle inflammation of unknown etiology resulting in muscle weakness. Muscle injury/inflammation is 
often symmetric and progressive. Autoantibodies are associated with most forms. These myositis-specific 

25 autoantibodies are directed against and inhibit the function of components, proteins and RNA's, involved in protein 
synthesis. 

Sjogren's syndrome is due to immune-mediated inflammation and subsequent functional destruction of the 
tear glands and salivary glands. The disease can be associated with or accompanied by inflammatory connective tissue 
diseases. The disease is associated with autoantibody production against Ro and La antigens, both of which are small 

30 RNA-protein complexes. Lesions result in keratoconjunctivitis sicca, xerostomia, with other manifestadons or 
associations including bilaiy cirrhosis, peripheral or sensory neuropathy, and palpable purpura. 

Systemic vasculitis arc diseases in which the primary lesion is inflammation and subsequent damage to blood 
vessels which results in ischemia/necrosis/degeneration to tissues supplied by the affected vessels and eventual end- 
organ dysfunction in some cases. Vasculitides can also occur as a secondary lesion or sequelae to other immune- 

35 inflammatory mediated diseases such as rheumatoid arthritis, systemic sclerosis, etc., particularly in diseases also 
associated with the formation of immune complexes. Diseases in the primary systemic vasculitis group include: 
systemic necrotizing vasculitis: polyarteritis nodosa, allergic angiitis and granulomatosis, polyangiitis; Wegener's 
granulomatosis; lymphomatoid granulomatosis; and giant cell arteritis. Miscellaneous vasculitides include: 
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mucocutaneous lymph node syndrome (MLNS or Kawasaki's disease), isolated CNS vasculitis, Behet's disease, 
thromboangiitis obliterans (Buerger's disease) and cutaneous necrotizing venulitis. The pathogenic mechanism of 
most of the types of vasculitis listed is believed to be primarily due to the deposition of immunoglobulin complexes 
in the vessel wall and subsequent induction of an inflammatory response either via ADCC, complement activation, or 
5 both. 

Sarcoidosis is a condition of unknown etiology which is characterized by the presence of epithelioid 
granulomas in nearly any tissue in the body; involvement of the lung is most common. The pathogenesis involves the 
persistence of activated macrophages and lymphoid cells at sites of the disease with subsequent chronic sequelae 
resultant from the release of locally and systemically active products released by these cell types. 
10 Autoimmune hemolytic anemia including autoimmune hemolytic anemia, immune pancytopenia, and 

paroxysmal noctural hemoglobinuria is a result of production of antibodies that react with antigens expressed on the 
surface of red blood cells (and in some cases other blood cells including platelets as well) and is a reflection of the 
removal of those antibody coated cells via complement mediated lysis and/or ADCC/Fc-receptor-mediated 
mechanisms. 

15 In autoimmune thrombocytopenia including thrombocytopenic purpura, and immune-mediated 

thrombocytopenia in other clinical settings, platelet destruction/removal occurs as a result of either antibody or 
complement attaching to platelets and subsequent removal by complement lysis, ADCC or FC-receptor mediated 
mechanisms. 

Thyroiditis including Grave's disease, Hashimoto's thyroiditis, juvenile lymphocytic thyroiditis, and 

20 atrophic thyroiditis, are the result of an autoimmune response against thyroid antigens with production of antibodies 
that react with proteins present in and often specific for the thyroid gland. Experimental models exist including 
spontaneous models: rats (BUF and BB rats) and chickens (obese chicken strain); inducible models: immunization of 
animals with either thyroglobulin, thyroid microsomal antigen (thyroid peroxidase). 

Type I diabetes mellitus or insulin-dependent diabetes is the autoimmune destruction of pancreatic islet P 

25 cells; this destruction is mediated by auto-antibodies and auto-reactive T cells. Antibodies to insulin or the insulin 
receptor can also produce the phenotype of insulin-non-responsiveness. 

Immune mediated renal diseases, including glomerulonephritis and tubulointerstitial nephritis, are the result 
of antibody or T lymphocyte mediated injury to renal tissue either direcfly as a result of the production of autoreactive 
antibodies or T cells against renal antigens or indirectly as a result of the deposition of antibodies and/or immune 

30 complexes in the kidney that are reactive against other, non-renal antigens. Thus other immune-mediated diseases that 
result in the formation of immune-complexes can also induce immune mediated renal disease as an indirect sequelae. 
Both direct and indirect immune mechanisms result in inflammatory response that produces/induces lesion 
development in renal tissues with resultant organ function impairment and in some cases progression to renal failure. 
Both humoral and cellular immune mechanisms can be involved in the pathogenesis of lesions. 

35 Demyelinating diseases of the central and peripheral nervous systems, including multiple sclerosis; idiopathic 

demyelinating polyneuropathy or Guillain-Barrc syndrome; and Chronic InflammatoryDcmyelinating Polyneuropathy, 
are believed to have an autoimmune basis and result in nerve demyelination as a result of damage caused to 
oligodendrocytes or to myeUn directly. In MS there is evidence to suggest that disease induction and progression is 
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dependent on T lymphocytes. Multiple Sclerosis is a demyelinaling disease that is T lymphocyte-dependent and has 
either a re lapsing-remitting course or a chronic progressive course. The etiology is unknown; however, viral 
infections, genetic predisposition, environment, and autoimmunity all contribute. Lesions contain infiltrates of 
predominantly T lymphocyte mediated, microglial cells and infiltrating macrophages; CD4+T lymphocytes are the 
5 predominant cell type at lesions. The mechanism of oligodendrocyte cell death and subsequent demyelination is not 
known but is likely T lymphocyte driven. 

Inflammatory and Fibrotic Lung Disease, including Eosinophilic Pneumonias; Idiopathic Pulmonary 
Fibrosis, and Hypersensitivity Pneumonitis may involve a disregulated immune-inllammatory response. Inhibition 
of that response would be of therapeutic benefit. 
10 Autoimmune or Immune-mediated Skin Disease including Bullous Skin Diseases, Erythema Multiforme, 

and Contact Dermatitis are mediated by auto-antibodies, the genesis of which is T lymphocyte-dependent. 

Psoriasis is a T lymphocyte-mediated inflammatory disease. Lesions contain infiltrates of T lymphocytes, 
macrophages and antigen processing cells, and some neutrophils. 

Allergic diseases, including asthma; allergic rhinitis; atopic dermatitis; food hypersensitivity; and urticaria 
15 are T lymphocyte dependent. These diseases are predominantly mediated by T lymphocyte induced inflammation, 
IgE mediated-inflammation or a combination of both. 

Transplantation associated diseases, including Graft rejection and Graft-Versus-Host-Disease (GVHD) are 
T lymphocyte-dependent; inhibition of T lymphocyte function is ameliorative. 

Other diseases in which intervention of the immune and/or inflammatory response have benefit are 
20 infectious disease including but not limited to viral infection (including but not limited to AIDS, hepatitis A, B, C, D, 
E and herpes) bacterial infection, fungal infections, and protozoal and parasitic infections (molecules (or 
derivatives/agonists) which stimulate the MLR can be utilized therapeutically to enhance the immune response to 
infectious agents), diseases of immunodeficiency (moleculcs/dcrivativcs/agonists) which stimulate the MLR can be 
utilized therapeutically to enhance the immune response for conditions of inherited, acquired, infectious induced (as 
25 in HIV infection), or iatrogenic (i.e. as from chemotherapy) immunodeficiency, and neoplasia. 

It has been demonstrated that some human cancer patients develop an antibody and/or T lymphocyte 
response to antigens on neoplastic cells. It has also been shown in animal models of neoplasia that enhancement of 
the immune response can result in rejection or regression of that particular neoplasm. Molecules that enhance the T 
lymphocyte response in the MLR have utility in vivo in enhancing the inranune response against neoplasia. Molecules 
30 which enhance the T lymphocyte proliferative response in the MLR (or small molecule agonists or antibodies that affect 
the same receptor in an agonistic fashion) can be used therapeutically to treat cancer. Molecules that inhibit the 
lymphocyte response in the MLR also function in vivo during neoplasia to suppress the immune response to a 
neoplasm; such molecules can either be expressed by the neoplastic cells themselves or their expression can be 
induced by the neoplasm in other cells. Antagonism of such inhibitory molecules (cither with antibody, small 
35 molecule antagonists or other means) enhances immune-mediated tumor rejection. 

Additionally, inhibition of molecules with proinflammatory properties may have therapeutic benefit in 
reperfusion injury; stroke; myocardial infarction; atherosclerosis; acute lung injury; hemorrhagic shock; hum; 
sepsis/septic shock; acute tubular necrosis; endometriosis; degenerative joint disease and pancreatis. 
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The compounds of the present invention, e.g. polypeptides or antibodies, are administered to a mammal, 
preferably a human, in accord with known methods, such as inU^venous administration as a bolus or by continuous 
infusion over a period of time, by intramuscular, intraperitoneal, intraccrobrospinal, subcutaneous, intra-articular, 
intrasynovial, intrathecal, oral, topical, or inhalation (intranasal, inu-apulmonary) routes. Intravenous or inhaled 
5 administration of polypeptides and antibodies is preferred. 

In immunoadjuvant therapy, other therapeutic regimens, such administration of an anti-cancer agent, may be 
combined with the administration of the proteins, antibodies or compounds of the instant invention. For example, 
the patient to be treated with an immunoadjuvant of the invention may also receive an anti-cancer agent 
(chemotherapeutic agent) or radiation therapy. Preparation and dosing schedules for such chemotherapeutic agents 
10 may be used according to manufacturers' instructions or as detennined empirically by the skilled practitioner. 
Preparation and dosing schedules for such chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, 
Williams & Wilkins, Baltimore, MD (1992). The chemotherapeutic agent may precede, or follow administration of 
the immunoadjuvant or may be given simultaneously therewith. Additionally, an anti-oestrogen compound such as 
tamoxifen or an anti-progesterone such as onapristone (sec, EP 616812) may be given in dosages known for such 
15 molecules. 

It may be desirable to also administer antibodies against other immune disease associated or tumor associated 
antigens, such as antibodies which bind to CD20, CDlla, CD18, ErbB2, EGFR, ErbB3, ErbB4, or vascular 
endothelial factor (VEGF). Alternatively, or in addition, two or more antibodies binding the same or two or more 
different antigens disclosed herein may be coadministered to the patient. Sometimes, it may be beneficial to also 

20 administer one or more cytokines to the patient. In one embodiment, the polypeptides of the invention are 
coadministered with a growth inhibitory agent. For example, the growth inhibitory agent may be administered first, 
followed by a polypeptide of the invention. However, simultaneous administration or administration first is also 
contemplated. Suitable dosages for the growth inhibitory agent are those presently used and may be lowered due to 
the combined action (synergy) of the growth inhibitory agent and the polypeptide of the invention. 

25 For the treatment or reduction in the severity of immune related disease, the appropriate dosage of an a 

compound of the invention will depend on the type of disease to be treated, as defined above, the severity and course 
0 f the disease, whether the agent is administered for preventive or therapeutic purposes, previous therapy, the 
patient's clinical history and response to the compound, and the discretion of the attending physician. The compound 
is suitably administered to the patient at one time or over a series of treatments. 

30 For example, depending on the type and severity of the disease, about 1 fig/kg to 15 mg/kg {e.g. 0.1- 

20mg/kg) of polypeptide or antibody is an initial candidate dosage for administration to the patient, whether, for 
example, by one or more separate administrations, or by continuous infiision. A typical daily dosage might range 
from about 1 Hg/kg to 100 mg/kg or more, depending on the factors mentioned above. For repeated administrations 
over several days or longer, depending on the condition, the treatment is sustained until a desired suppression of 

35 disease symptoms occurs. However, other dosage regimens may be useful. The progress of this therapy is easily 
monitored by conventional techniques and assays. 

12. Articles of Manufacture 
In another embodiment of the invention, an article of manufacture containing materials useful for the 
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diagnosis or treatment of the disorders described above is provided. The article of manufacture comprises a container 
and a label. Suitable containers include, for example, bottles, vials, syringes, and test tubes. The containers may be 
formed from a variety of materials such as glass or plastic. The container holds a composition which is effective for 
diagnosing or treating the condition and may have a sterile access port (for example the container may be an 
5 intravenous solution bag or a vial having a stopper picrceable by a hypodermic injection needle). The active agent in 
the composition is usually a polypeptide or an antibody of the invention. The label on, or associated with, the container 
indicates that the composition is used for diagnosing or treating the condition of choice. The article of manufacture 
may further comprise a second container comprising a pharmaceutically-acceplabie buffer, such as phosphate- 
buffered saline, Ringer's solution and dextrose solution. It may further include other materials desirable from 
10 a commercial and user standpoint, including other buffers, diluents, filters, needles, syringes, and package inserts with 
instructions for use. 

13. Diagnosis and Prognosis of Immune Related Disease 
Cell surface proteins, such as proteins which are overexpressed in certain immune related diseases, are 
excellent targets for drug candidates or disease treatment. The same proteins along with secreted proteins encoded by 
IS the genes amplilied in immune related disease states find additional use in the diagnosis and prognosis of these 
diseases. For example, antibodies directed against the protein products of genes amplified in multiple sclerosis, 
rheumatoid arthritis, or another immune related disease, can be used as diagnostics or prognostics. 

For example, antibodies, including antibody fragments, can be used to qualitatively or quantitatively detect 
the expression of proteins encoded by amplified or overexpressed genes ("marker gene products"). The antibody 
20 preferably is equipped with a detectable, e.g. fluorescent label, and binding can be monitored by light microscopy, 
flow cytometry, fiuorimetry, or other techniques known in the art. These techniques are particularly suitable, if the 
overexpressed gene encodes a cell surface protein Such binding assays are performed essentially as described 
above. 

In situ detection of antibody binding to the marker gene products can be performed, for example, by 
25 immunofluorescence or immunoelectron microscopy. For this purpose, a histological specimen is removed from the 
patient, and a labeled antibody is applied to it, preferably by overiaying the antibody on a biological sample. This 
procedure also allows for determining the distribution of the marker gene product in the tissue examined. It will be 
apparent for those skilled in the art that a wide variety of histological methods are readily available for in situ 
detection. 

30 The following examples are offered for illustrative purposes only, and are not intended to limit the scope of 

the present invention in any way. 

All patent and literature references cited in the present specification are hereby incorporated by reference in 
their entirety. 

EXAMPLES 

35 Commercially available reagents referred to in the examples were used according to manufacturer's 

instructions unless otherwise indicated. The source of those cells identified in the following examples, and 
throughout the specification, by ATCC accession numbers is the American Type Culture Collection, Manassas, VA. 
Unless otherwise noted, the present invention uses standard procedures of recombinant DNA technology, such as 
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those described hereinabove and in the following textbooks: Sambrook et al.. Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Press N.Y., 1989; Ausubcl et al.. Current Protocols in Molecular Biology, Green 
Publishing Associates and Wiley Interscience, N.Y., 1989; Innis et al., PCR Protocols: A Guide to Methods and 
Applications, Academic Press, inc., N.Y., 1990; Harlow etal., Antibodies: A Laboratory Manual, Cold Spring Harbor 
Press, Cold Spring Harbor, 1988; Gait, M.J., Oligonucleotide Synthesis, IRL Press, Oxford, 1984; R.I. Freshney, 
Animal Cell Culture, 1 987; Coligan et al. Current Protocols in Immunology, 1 99 1 . 

EXAMPLE 1 
Isolation and cloning of TCCR 

Cytokine receptors and/or receptor characterized by aWS{G)XWSdomain were used tosearch public EST 
databases and resulted in the isolation of hTCCR (SEQ ID NO: 1 ) and mTCCR (mTCCR). 

Alternatively, the murine TCCR depicted in Figure 4 (SEQ ID N0:2) has been published in W097/44455 
filed on 23 May 1996 as well as in GenBank as accession number 7710109. The prior art molecule is also described 
in Sprecher et ai, Biochem. Biophys. Res. Commun. 246(1 ): 82-90 (1998). In Figure 4 (SEQ ID N0:2), a signal 
peptide has been identified from amino acid residues 1 to about 24, the transmembrane domain from about amino acid 
residues 514 to about 532, N-glycosylation sites at about residues, 46-49, 296-299, 305-308, 360-361, 368-371 and 
46 1 -464, casein kinase II phosphorylation sites at about residues 10-13,93-96, 130-133, 172-175, 184-187, 235-238, 
27 1-274, 272-275, 323-326, 606-609 and 615-618, a tyrosine kinase phosphorylation site at about residues 202-209, 
N-myristoylation sites at about residues 43-48, 102-107. 295-300, 321-326, 330-335, 367-342, 393-398, 525-530 and 
527-532, an amidation site at about residues 240-243, a prokaryotic membrane lipoprotein lipid attachment at about 
residues 516-526 and a growth factor and cytokine receptor family signature 1 at about residues 36-49. Region of 
significant homology exist with; (I) human erythropoietin at about residues 14-51 and (2) murine interleukin-5 
receptor at residues 21 1-219. 

A polypeptide having high homology to the human TCCR depicted in Figure 3 (SEQ ID N0:1) has been 
published in WO 97/44455 filed on 23 May 1996 which is also available from GenBank as accession number 
4759327. The prior art molecule is also described in Sprecher et al, Biochem. Biophys, Res. Commun. 246( 1): 82-90 
(1998). In Figure 3 (SEQ ID N0:1), a signal peptide has been identified from amino acid residues 1 to about 32, the 
transmembrane domain froin about amino acid residues 5 1 7 to about 538, N-glycosylation sites at about residues 5 1 - 
54, 76-79, 302-305, 311-314, 374-377, 382-385, 467-470, 563-566, N-myristoylation sites at about residues 1 07- 1 1 2, 
240-245, 244-249, 281-286, 292-297, 373-378, 400-405, 459-464, 470-475, 531-536 and 533-538, a prokaryotic 
membrane lipoprotein lipid attachment site at about residues 522-532 and a growth factor and cytokine receptor family 
signature 1 at about residues 41-54. There is also a region of significant homology with the second subunit of the 
receptor for human granulocyte-macrophage colony-stimulating factor (GM-CSF) at residues 183-191 . 

A comparison of the human TCCR (SEQ ID NO: 1 ) and murine TCCR (SEQ ID N0:2) sequences is shown 
in Figure 5. The comparison reveals about 62% sequence identity between the human and (he murine sequences. 
EXAMPLE 2 
TCCR "knockout" mice 
1. Preparation of the targeting vector 

The term "targeting vector" is a term of art referring to a nucleic acid sequence that is constructed for gene 
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ablation. Figure 9A describes the targeting vector used for the TCCR molecule isolated in this example. Specifically, 
the targeting vector was constructed using a 2.4 kb XhoI-HindlH fragment containing the first two exons and a 6.0 
kb Eco RI-Bam HI fragment containing exons 9 through 1 4, The specific TCCR gene isolated contains 1 4 exons and 
13introns. In this targeting vector, the pGK-neo gene conferring gentamycin resistance has been used to replace 
5 exons 3-8, leaving exons 1 and 2 intact. The herpes simplex virus thymidine kinase (HS V-TK) coding region has been 
placed 5'ofexon one, allowing for selection withgancyclovir. Such drug selectable makers, such as gancyclovir permit 
for selection of stable transfected cell lines containing the targeting vector and further allow for polymerase chain 
reaction (PGR) primers to be made which will amplify a fragment of nucleic acid unique to the targeting construct that 
will distinguish it from the endogenous gene. This construct was inserted into the vector pBluescript (Slratagene, La 
10 Jolla, CA) and o^nsformed into DHIOB bacteria. Single colonics were harvested and used to prepare larger 
quantities of targeting vector. 

2. Preparation of TCCR -/■ stem cells 

The targeting vector was linearized by digestion with the restriction endonuclease NotI and 
transfected into embryonic stem (ES) cells. ES cells are chosen for their ability to integrate into the germ line of 

1 5 developing embryos so as to transmit the targeting vector to their progeny. The preferred ES line of choice is the ESGS 
line but the D3 line (ATCC CRL-1934) may also be used. Electroporation is done by using 2-5 million ES cells 
resuspended in 0.8 ml PBS. The linearized targeting vector (20 ^g) is added to the cells and this is placed in a sterile 
electroporation cuvette (0.4 cm Bio-Rad, Hercules, CA). Electroporation is performed using the Bio-Rad 
electroporation apparatus set at 500 |iF, 240 volts. The contents of the cuvette are transferred into 41 0 ml of ES media. 

20 ES media is composed of: High glucose DMEM (Gibco 1 1960-010), 10% FBS (ES cell tested Gibco 16141-061 ) and 
1 000 units/ml ESGRO murine LIP (Gibco 13275-0290). These cells are then aliquoted into 20 96 well dishes. After 
transf ection of ihc targeting vector the ES cells are selected for by using a lethal concentration of previously mentioned 
drugs. In the instance of G4 1 8, 400 ng/ml is used. Only those ES cells carrying the targeting vector will have the 
antibiotic resistance markers necessary for survival. The selected ES cell colonies are then screened for correct 

25 integration of the vector via southern blotting (Fig. lOA), PCR (Fig. lOB), lack of endogenous target gene mRNA 
expression (Fig. IOC). ES clones that pass the above criteria are then used for microinjection into embryos. 

3. Injection and screening of TCCR -/- mice 

Selected and screened ES cell colonies from the previous step are transferred into a developing 
embryo by any suitable technique in art, preferably by microinjection. Suitable microinjection techniques are 

30 described in Hogan et al, Manipulating the mouse embryo: A Laboratory Manual, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y. 1986. While any embryo may be used provided that it can be later identified, 
preferably the embryos selected for microinjection are male and have a coat color that is opposite of the coat color 
encoded by the genes of the ES cell containing the targeting vector. For example, ES cells from an animal with white 
fur would be injected into an embryo that will develop brown/black fijr. In this manner successfully microinjected 

35 embryos can be selected as matured adults on the basis of a mosaic coat color. The resulting mosaic animals 
(founders) are TCCR -/+ and are then backcrossed (mated with other TCCR -/+ progeny) to create TCCR -/- mice. 
To confirm the TCCR -/- genotype, DNA is extracted from tail clippings which is effected by incubating tail tissue 
at 60°C overnight in 0.5 ml of lysis buffer. The lysis buffer consists of 0.5% SDS, 1 00 mM NaCl, 50 mM Tric-HCL 
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(pH 8.0), 7.5 mM EDTA (pH 8.0) and 1 mg/ml proteinase K (Boehringer-Mannheim). After overnight incubation, an 
aliquots of 75 \i] of 8M potassium acetate, 600 ml of CHCl, are mixed in the entire reaction is centrifuged for 10 
minutes at room temperature. The aqueous layer is removed and placed in a separate eppendorf tube, to which is added 
600 ml of 100% ethanol and the DNA is precipitated by centrifiigation for 5 minutes. The DNA pellet is washed with 
5 70% ethanol and allowed to air dry. After removal of residual ethanol the DNA pellet is resuspended in 150-200 [ii 
of water. This DNA can then be used for Southern blotting and for PGR analysis. For the Southern blot, the neo gene 
may be used as a probe; for the PGR, the primers used for screening the ES cells are employed. 

The results are reported in Figures lOA, lOB and lOG indicating a successful ablation of the TCCR gene, 
TGCR-deficient mice were viable, fertile and displayed no overt abnormalities. Detailed histological examination did 
10 not reveal any obvious defects. Flow cytometry analysis of cells obtained from thymus, spleen, lymph nodes and 
peyer's patches of multiple wild-type and knockout mice stained with antibodies to GD3, CD4, GD8, GD25, CD 1 9, 
B220, CD40, NKl . 1 , DX5, F4/80, CD14, CD 1 6, MHC H and CD45 did not reveal any gross differences between the 
two genotypes. 

EXAMPLES 

15 Enhanced Allergic Airw ay Inflamm ation in TCCR -/- mice 

Asthma is a complex disease resulting from the interaction of a multitude of allergic and non-allergenic 
factors that elicit bronchial obstruction and inflammation. One of the key aspects of airway inflammation is the 
infiltration of the airway wall by Th2 cells. Because the TCCR -/- mice produce herein have a greater Th2 response, 
they are a useful model to study allergic airway inflammation. 

20 Animals: Twelve TCCR -/- mice and eleven wild type littermate (WT) randomly divided into the following 

four groups: Group 1 - Non-sensitized TCCR -/-; Group 2 - Non sensitized TCCR WT (n=4); Group 3 - Sensitized 
TCCR -/- (n=8); and Group 4 - sensitized TCCR WT (n=7). 

Sensitization: 15 mice (male and feinale) were sensitized with 300 units/ml of dust mite antigen (Bayer 
Pharmaceutical) adsorbed to I mg/ml Alum gi ven IP at day 0 in 0. 1 ml volume. The non sensitized control mice (n=8) 

25 received 0. 1 ml of 0.9% NaCl and 1 mg/ml Alum IP, Both groups of mice were boosted on day 7 with an IP injection 
of antigen (sensitized groups) or NaCI (non sensitized groups) as described above. 

Inhalation Challenges: After sensitization and boost, four DMA inhalation challenges were administered 
starting on day 16. For acrosolization, the final concentration of dust mite in the nebuhzer was 6000 units/ml after 
being diluted with Dulbecco's PBS and 0.1% of Tween®-20. All inhalation challenges were administered in a 

30 Plexiglas® pie exposure chamber. DMA was aerosolized for 20 minutes using a PARI IS-2 nebulizer initially and 
then refilled with 1 .5 ml, 10 minutes into the exposure. Total deposited dose in the lung was ~ 6.5 AU of DMA, 

AHR (paralyzed): On day 24, approximately 18 hours after the last DMA aerosol challenge the mice were 
anesthetized with a mixture of pentobarbital (25 mg/kg) and urethane (1 .8 g/kg) and catheterized with a 1 cm incision 
over the right jugular vein. The jugular vein was dissected free and a catheter (PE- 1 0 connected to PE-50) was inserted 

35 and tied into place. Additionally, the mice were tracheotomized (1 cm neck incision, trachea dissected free and a 
cannula inserted and tied into place). The mice were then loaded into a Plexiglas® flow plethysmograph for 
measurement of thoracic expansion and airway pressure. The mice were ventilated using 100% oxygen at a frequency 
of 170 bpm and Vt equal to 9 nl/gm. Breathing mechanics (lung resistance and dynamic compliance) were 
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continuously monitored using a computerized (Buxco Electronics) data acquisition program. After baseline 
measurements, the mice received a one-time 1 0-second dose of the methacholine (MCH dose of 500 H-g/kg) using 200 
\lg/ni MCH as the stock concentration. 

Sacrifice: After completion of the airway reactivity measurement EDTA tubes were used to collect blood via 
5 the retro-orbital sinus to obtain serum. The abdomen was opened, the descending aorta severed and the diaphragm 
cut. After time elapsed for the animals to exsanguinate, bronchioalveolar lavage (BAL) was performed. Hie lungs 
were lavaged three times with the same bolus of sterile saline (30 p.g/g mouse weight) through the previously inserted 
tracheal cannula. The bolus filled the lung to approximately 70% total lung capacity. The samples of BAL (return 
averaged 80%) were centrifuged at 1 000 x g and 4 C for 1 0 minutes. The supematants were decanted and immediately 

10 frozen at -80 C. The cell pellets were resuspended in 250 ml of PBS with 2% BSA (Sigman, St. Louis, MO), then 
enumerated using an automated counter (Baker Instruments, Allentown, PA), and recorded as total number of BAL 
cells/|J.I. The cell suspension was then adjusted to 200 cells/)il and 100 ml was centrifuged onto coated Superfrost Plus 
microscope slides (Baxter Diagnostics, Deerfield, IL) at 800 x g for 10 minutes using a cyiospin (Shandon, Inc., 
Pittsburgh, PA). Slides were air dried, fixed for 1 minute in 100% methanol, and stained with Diff-Quik™ (Baxter 

1 5 Health Care, Miami, FL). At least 200 cells were evaluated per slide to obtain a differential leukocyte count. 

After BAL, the right lung, spleen and trachea bronchial lymph nodes were removed and frozen in liquid 
nitrogen for mRNA analysis (and then placed on dry ice). Tail cuts were taken and frozen on dry ice for later 
genotyping. The remaining left lungs of the mice were removed to evaluate and compare the severity and character 
of pathologic changes in lungs between experimental groups. This was accomplished by initial fixing of the lung 

20 tissue in 10% neutral-buffered formalin, embedded in paraffin, and 3 nm sections were stained with hemotoxilin and 
eosin. Lung sections were taken along the primary bronchus and the entire section was evaluated blindly and scored 
based on the severity of the inflammation around the airways and blood vessels. The extent of airway epithelial cell 
hypertrophy using a scale from 0 (no inflammation and airway changes) to 4 (marked inflammation and airway 
changes). 

25 IgE ELISA: For the total IgE sandwich ELIS A, the BAL fluid or serum sample was used either undiluted or 

diluted 1 ;2 to 1 :20 (BAL) and 1 :25 to 1 :200 (serum) in ELISA buffer. The capture antibody was rabbit anti-mouse 
IgE (2 Jig/ml PBS) and plates were coated for 24-48 hours at 4 C. The standard was murine IgE (PharMingen, San 
Diego, CA) which was diluted serially 1 :2, starting with 100 ng/ml concentration. The detection antibody, biotinylated 
FceRI-IgG was used at a dilution of 1 :2000 for 1-1 .5 hours. HRP-SA and enzyme development steps were identical 

30 to those used for the cytokine assays. 

The results demonstrate a significant increase in lymphocyte infiltration into the lung in the TCCR -/- mice 
dian in die wild type (Figure 1 1). 

EXAMPLE 4 
Expression of TCCR in E. coti 
35 This example illustrates preparation of an unglycosylated form of TCCR by recombinant expression in E. 

coli. The DNA sequence encoding TCCR is initially amplified using selected PCR primers. The primers should 
contain restriction enzyme sites which correspond to the restriction enzyme sites on the selected expression vector. A 
variety of expression vectors may be employed. An example of a suitable vector is pBR322 (derived from E. coli; see 
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Bolivar etal.. Gene, 2:95 ( 1 977)) which contains genes for ampicillin and tetracycline resistance. The vector is digested 
with restriction enzyme and dephosphorylated. The PCR amplified sequences are then ligated into the vector. The 
vector will preferably include sequences which encode for an antibiotic resistance gene, a trp promoter, a polyhis 
leader (including the first six STQ codons, polyhis sequence, and enterokinase cleavage site), the TCCR coding region, 
5 lambda transcriptional terminator, and an argU gene. 

The ligation mixture is then used to transform a selected E. coli strain using the methods described in 
Sambrook et al, supra. Transformants are identified by their ability to grow on LB plates and antibiotic resistant 
colonies are then selected. Plasmid DNA can be isolated and con firmed by restriction analysis and DNA sequencing. 
Selected clones can be grown overnight in liquid culture medium such as LB broth supplemented with 

10 antibiotics. The overnight culture may subsequently be used to inoculate a larger scale culture. The cells are then 
grown to a desired optical density, during which the expression promoter is turned on. 

After culturing the cells for several more hours, the cells can be harvested by centrifugation. The cell pellet 
obtained by the centrifugation can be solubilized using various agents known in the art, and the solubilized TCCR 
protein can then be purified using a metal chelating column under conditions that allow tight binding of the protein. 

15 TCCR may also be expressed in E. coli in a poly-His tagged form, using the following procedure. The DNA encoding 
TCCR is initially amplified using selected PCR primers. The primers contain restriction enzyme sites which 
correspond to the restriction enzyme sites on the selected expression vector, and other useful sequences providing for 
efficient and reliable translation initiation, rapid purification on a metal chelation column, and proteolytic removal 
with enterokinase. The PCR-amplified, poly-His tagged sequences are then ligated into an expre.ssion vector, which 

20 is used to transform an E. coli host based on strain 52 (W31 10 fuhA(tonA) Ion galE rpoHts(htpRts) clpP(lacIq). 
Transformants are first grown in LB containing 50 mg/ml carbenicillin at 30'C with shaking until an O.D.600 of 3-5 
is reached. Cultures are then diluted 50-100 fold into CRAP media (prepared by mixing 3.57 g (NH4)2S04, 0.71 g 
sodium citrate ZH^O, 1 .07 g KCl, 5.36 g Dilco yeast extract, 5.36 g Sheffield hycase SF in 500 mL water, as well as 
1 10 mM MPOS, pH 7.3, 0.55% (w/v) glucose and 7 mM MgS04) and grown for approximately 20-30 hours at 30°C 

25 with shaking. Samples are removed to verify expression by SDS-PAGE analysis, and the bulk culture is centrifuged 
to pellet the cells. Cell pellets are frozen until purification and refolding. 

£ co/j paste from 0.5 to 1 Lfennentations(6-10gpellets)isresuspendedin 10 volumes (w/v) in 7 M guanidine, 
20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathionate is added to make final concentrations of 0. IM 
and 0.02 M, respectively, and the solution is stirred overnight at 4°C. This step results in a denatured protein with all 

30 cysteine residues blocked by sulfitolization. The solution is centrifuged at 40,000 rpm in aBeckman Ultracentifiige for 
30 min. The supernatant is diluted with 3-5 volumes of metal chelate column buffer (6 M guanidine, 20 mM Tris, pH 
7.4) and filtered through 0.22 micron filters to clarify. Depending on condition, the clarified extract is loaded onto a 
5 ml Qiagen Ni-NTA metal chelate column equilibrated in the metal chelate column buffer. Hie column is washed 
with additional buffer containing 50 mM imidazole (Calbiochcm, Utrol grade), pH 7.4. The protein is eluted with 

35 buffer containing 250 mM imidazole. Fractions containing the desired protein was pooled and stored at 4'C. Protein 
concentration is estimated by its absorbance at 280 nm using the calculated extinction coefficient based on its amino 
acid sequence. 

The proteins are refolded by diluting sample slowly into freshly prepared refolding buffer consisting of: 20 
70 
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mM Tris, pH 8.6, 0.3 M NaCI, 2.5 M urea, 5 mM cysteine, 20 mM glycine and 1 mM EDTA. Refolding volumes are 
chosen so that the final protein concentration is between 50 to 100 micrograms/ml. The refolding solution is stirred 
gently at 4 C for 12-36 hours. The refolding reaction is quenched by the addition of TFA to a final concentration of 
0.4% (pH of approximately 3). Before further purification of the protein, the solution is filtered through a 0.22 micron 
5 filter and acetonitrile is added to 2-10% final concentration. The refolded protein is chromatographed on a Poros Rl/H 
reversed phase column using a mobile buffer of 0. 1 % TFA with elution with a gradient of acetonitrile from 1 0 to 80% . 
Aliquots of fractions with A280 absorbance are analyzed on SDS polyacrylamide gels and fractions containing 
homogeneous refolded protein are pooled. Generally, the properly refolded species of most proteins are eluted at the 
lowest concentrations of acetonitrile since those species are the most compact with their hydrophobic interiors 
10 shielded from interaction with the reversed phase resin. Aggregated species are usually eluted at higher acetonitrile 
concentrations. In addition to resolving misfolded forms of proteins from the desired form, the reversed phase step 
also removes endotoxin from the samples. 

Fractions containing the desired folded TCCR proteins, respectively, are pooled and the acetonitrile removed 
using a gentle stream of nitrogen directed at the solution. Proteins are formulated into 20 mM Hepes, pH 6.8 with 
15 0.14 M sodium chloride and 4% mannitol by dialysis or by gel filtration using G25 Superfine (Pharmacia) resins 
equilibrated in the formulation buffer and sterile filtered. 

EXAMPLES 
Expression of TCCR in mammalian celb 
This example illustrates preparation of a potentially glycosylated form of TCCR by recombinant expression in 
20 mammalian cells. 

The vector, pRK5 (see EP 307,247, published March 15, 1989), is employed as the expression vector. 
Optionally, the TCCR DNA is ligated into pRK5 with selected restriction enzymes to allow insertion of the TCCR 
DNA using ligation methods such as described in Sambrook etal., supra. The resulting vector is called, for example, 
pRK5-TCCR. 

25 In one embodiment, the selected host cells may be 293 cells. Human 293 cells (ATCC CCL 1 573) are grown 

to confiuencc in tissue culture plates in medium such as DMEM supplemented with fetal calf serum and optionally, 
nutrient components and/or antibiotics. About 10 ftg pRK5-TCCR DNA is mixed with about 1 |ig DNA encoding the 
VA RNA gene [Thimmappaya et ai, Cell, 31:543 (1982)] and dissolved in 500 nL of 1 mM Tris-HCl, 0.1 mM 
EDTA, 0.227 M CaClj. To this mixture is added, dropwise, 500 of 50 mM HEPES (pH 7.35), 280 mM NaCl, 1 .5 

30 mM NaP04, and a precipitate is allowed to form for 10 minutes at 25°C. The precipitate is suspended and added to 
the 293 cells and allowed to settle for about four hours at 37°C. The culture medium is aspirated off and 2 ml of 20% 
glycerol in PBS is added for 30 seconds. The 293 cells are then washed with serum free medium, fresh medium is 
added and the cells are incubated for about 5 days. 

Approximately 24 hours after the transfections, the culture medium is removed and replaced with culture 

35 medium (alone) or culwre medium containing 200 uCi/ml ''^S-cysteine and 200 nCi/ml ^^S-methionine. After a 12 
hour incubation, the conditioned medium is collected, concentrated on a spin filter, and loaded onto a 15% SDS gel. 
The processed gel may be dried and exposed to film for a selected period of time to reveal the presence of TCCR 
polypeptide. The cultures containing transfected cells may undergo further incubation (in serum free medium) and 
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the medium is tested in selected bioassays. 

In an alternative technique, TCCR may be introduced into 293 cells transiently using the dextran sulfate 
method described by Somparyrac et al, Proc. Natl. Acad. ScL, 12:7575 (1981). 293 cells are grown to maximal 
density in a spinner flask and 700 jxg pRK5-TCCR DNA is added. The cells are first concentrated from the spinner 
5 flask by centrifugation and washed with PBS. The DNA-dextran precipitate is incubated on the cell pellet for four 
hours. The cells are treated with 20% glycerol for 90 seconds, washed with tissue culture medium, and re-introduced 
into the spinner tla.sk containing tissue culture medium, 5 |ig/ml bovine insulin and 0.1 ^tg/ml bovine transferrin. 
After about four days, the conditioned media is centrifuged and filtered to remove cells and debris. The sample 
containing expressed TCCR can then be concentrated and purified by any selected method, such as dialysis and/or 
10 column chromatography. 

In another embodiment, TCCR can be expressed in CHO cells. The pRK5-TCCR can be transfected into CHO 
cells using known reagents such as CaP04 or DEAE-dextran. As described above, the cell cultures can be 
incubated, and the medium replaced with culture medium (alone) or medium containing a radiolabel such as ''^S- 
methionine. After determining the presence of TCCR, the culture medium may be replaced with serum free medium. 
15 Preferably, the cultures are incubated for about 6 days, and then the conditioned medium is harvested. The medium 
containing the expressed TCCR can then be concentrated and purified by any selected method. 

Epitope-tagged TCCR may also be expressed in host CHO cells. The TCCR may be subcloned out of the 
pRK5 vector. The subclone insert can undergo PGR to fuse in frame with a selected epitope tag such as a poly-his tag 
into a Baculovirus expression vector. The poly-his tagged TCCR insert can then be subcloned into a SV40 driven 
20 vector containing a selection marker such as DHFR for selection of stable clones. Finally, the CHO cells can be 
transfected (as described above) with the SV40 driven vector. Labeling may be performed, as described above, to 
verify expression. The culture medium containing the expressed poly-His tagged TCCR can then be concentrated 
and purified by any selected method, such as by Ni^^-chelate affinity chromatography. 

TCCR may also be expressed in CHO and/or COS cells by a transient expression procedure or in CHO cells by 
25 another stable expression procedure. 

Stable expression in CHO cells may be performed using the procedure outlined below. The proteins may be 
expressed, for example, either ( 1 ) as an IgG construct (immunoadhesion), in which the coding sequences for the soluble 
forms {e.g. , extracellular domains) of the re.spccti ve proteins are fused to an IgG constant region sequence containing 
the hinge CH2 domain and/or (2) a poly-His tagged form. 
30 Following PCR amplification, the respective DNAs are subcloned in a CHO expression vector using 

standard techniques as described in Ausubel etai. Current Protocols of Molecular Biology, Unit 3.16, John Wiley 
and Sons (1997). CHO expression vectors are constructed to have compatible restriction sites 5' and 3' of the DNA 
of interest to allow the convenient shuttling of cDNAs. The vector used expression in CHO cells is as described in 
Lucas etal, Nucl. Acids Res. 24:9 ( 1 774- 1 779 ( 1 996), and uses the S V40 early p romoter/enhancer to drive expression 
35 of the cDNA of interest and dihydrofolate reductase (DHFR). DHFR expression permits selection for stable 
maintenance of the plasmid following transfection. 

Twelve micrograms of the desired plasmid DNA is introduced into approximately 10 million CHO cells 
using commercially available transfection reagents Superfect* (Quiagen), Dosper® or Fugenc* (Bochringer 
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Mannheim). The cells are grown as described in Lucas et al, supra. Approximately 3 x 10 cells are frozen in an 
ampule for further growth and production as described below. 

The ampules containing the plasmid DNA are thawed by placement into water bath and mixed by 
vortexing. The contents are pipetted into a centtifiige tube containing 10 mLs of media and centrifuged at 1000 rpm 
5 for 5 minutes. The supernatant is aspirated and the cells are resuspended in 10 mL of selective media (0.2 |J,m filtered 
PS20 with 5% 0.2 \Lm diafiltered fetal bovine serum). The cells are then aliquoted into a 100 mL spinner containing 
90 mL of selective media. After 1 -2 days, the cells are transferred into a 250 mL spinner filled with 1 50 mL selective 
growth medium and incubated at 37"C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spinners are seeded with 
3x10^ cells/mL. The cell media is exchanged with fresh media by cenlrifugation and resuspension in production 

10 medium. Although any suitable CHO media may be employed, a production medium described in U.S. Patent No. 
5, 1 22,469, issued June 1 6, 1 992 may actually be used. A 3L production spinner is seeded at 1 .2 x 1 0^ cells/mL. On 
day 0, the cell number pH is determined. On day 1 , the spinner is sampled and sparging with filtered air is commenced. 
On day 2, the spinner is sampled, the temperature shifted to 33°C, and 30 mL of 500 g/L glucose and 0.6 mL of 1 0% 
antifoam (e.g., 35% polydimethylsiloxane emulsion, Dow Coming 365 Medical Grade Emulsion) taken. Throughout 

15 the production, the pH is adjusted as necessary to keep it at around 7.2. After 10 days, or until the viability dropped 
below 70%, the cell culture is harvested by cenU-ifugation and filtering through a 0.22 (im filter. The filtrate was 
either stored at 4"C or immediately loaded onto columns for purification. 

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column (Qiagen). Before 
purification, imidazole is added to the conditioned media to a concentration of 5 mM. The conditioned media is 

20 pumped onto a 6 ml Ni-NTA column equilibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCl and 5 mM 
imidazole at a flow rate of 4-5 ml/min. at 4°C. After loading, the column is washed with additional equilibration buffer 
and the protein eluted with equilibration buffer containing 0.25 M imidazole. The highly purified protein is 
subsequently desalted into a storage buffer containing 10 mM Hepes, 0.14 M NaCl and 4% mannitol, pH 6.8, with a 
25 ml G25 Superfine (Pharmacia) column and stored at -80°C. 

25 Immunoadhesin (Fc-containing) constructs are purified from the conditioned media as follows. The 

conditioned medium is pumped onto a 5 ml Protein A column (Phannacia) which had been equilibrated in 20 mM Na 
phosphate buffer, pH 6,8. After loading, the column is waiticd extensively with equilibration buffer before elution with 
100 mM citric acid, pH 3.5. The eluted protein is immediately neutralized by collecting 1 ml fractions into tubes 
containing 275 (aL of I M Tris buffer, pH 9. The highly purified protein is subsequently desalted into storage buffer 

30 as described above for the poly-His tagged proteins. The homogeneity is assessed by SDS polyacrylamide gels and 
by N-terminal amino acid sequencing by Edman degradation. 

EXAMPLE 6 
Expression of TCCR in Yeast 
The following metiiod describes recombinant expression of TCCR in yeast. 

35 First, yeast expression vectors are constructed for intracellular production or secretion of TCCR from the 

ADH2AjAPDH promoter. DNA encoding TCCR and the promoter is inserted into suitable restriction enzyme sites 
in the selected plasmid to direct intracellular expression of TCCR. For secTetion, DNA encoding TCCR can be cloned 
into the selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a native TCCR signal peptide 
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or other mammalian signal peptide, or, for example, a yeast alpha-factor or invertase secretory signal/leader sequence, 
and linker sequences (if needed) for expression of TCCR. 

Yeast cells, such as yeast strain ABl 10, can then be transformed with the expression plasmids described 
above and cultured in selected fermentation media. The transformed yeast supematants can be analyzed by 
precipitation with 10% trichloroacetic acid and separation by SDS-PAGE, followed by staining of the gels with 
Coomassie Blue stain. 

Recombinant TCCR can subsequently be isolated and purified by removing the yeast cells from the 
fermentation medium by centrifugation and then concentrating the medium using selected cartridge filters. The 
concentrate containing TCCR may further be purified using selected column chromatography resins. 

EXAMPLE 7 

Expression of TCCR in Baculovinis-lnfected Insect Cells 

The following method describes recombinant expression of TCCR in Baculovirus-infecled insect cells. 

The sequence coding for TCCR is fused upstream of an epitope tag conlained wilhin a baculovirus 
expression vector. Such epitope tags include poly-his tags and immunoglobulin tags (like Fc regions of IgG). A 
variety of plasmids may be employed, including plasmids derived from commercially available plasmids such as 
pVL1393 (Novagen). Briefly, the sequence encoding TCCR or the desired portion of the coding sequence of TCCR 
[such as the sequence encoding the extracellular domain of a transmembrane protein or the sequence encoding the 
mature protein if the protein is extracellular] is amplified by PGR with primers complementary to the 5' and 3' 
regions. The 5'primer may incorporate flanking (selected) restriction enzyme sites. Hie product is then digested with 
those selected restriction enzymes and subcloned into the expression vector. 

Recombinant baculovirus is generated by co-transfecting the above plasmid and BaculoGold^" virus DNA 
(Pharmingen) into Spodoptera frugiperda ("Sf9") cells (ATCC CRL 1711) using lipofectin (commercially available 
from GIBCO-BRL). After 4 - 5 days of incubation at 28°C, the released viruses are harvested and used for further 
amplifications. Viral infection and protein expression arc performed as described by O'Reilley et al., Baculovirus 
expression vectors: A Laboratory Manual, Oxford: Oxford University Press (1994). 

Expressed poly-his tagged TCCR can then be purified, for example, by Ni^*-chelatc affinity 
chromatography as follows. Extracts arc prepared from recombinant virus-infected Sf9 cells as described by Rupert 
etal. Nature, 362: 175-179 (1993). Briefly, Sf9 cells are washed, resuspended in sonication buffer (25 mL Hepes, 
pH 7.9; 1 2.5 mM MgClj; 0. 1 mM EDTA; 1 0% glycerol; 0. 1 % NP-40; 0.4 M KCl), and sonicated twice for 20 seconds 
on ice. The sonicates are cleared by centrifugation, and the supernatant is diluted 50-fold in loading buffer (50 mM 
phosphate, 300 mM NaCl, 10% glycerol, pH 7.8) and filtered through a 0.45 n,m filter. A Ni^'^-NTA agarose column 
(commercially available from Qiagen) is prepared with a bed volume of 5 mL, washed witii 25 mL of water and 
equilibrated with 25 mL of loading buffer. The filtered cell extract is loaded onto the column at 0.5 mL per minute. 
The column is washed to baseline A2go with loading buffer, at which point fraction collection is started. Next, the 
column is washed with a secondary wash buffer (50 mM phosphate; 300 mM NaCl, 10% glycerol, pH 6.0), which 
elutes nonspecifically bound protein. After reaching A2gobase]ine again, the column is developed with a 0 to 500 mM 
Imidazole gradient in the secondary wash buffer. One mL fractions are collected and analyzed by SDS-PAGE and 
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silver staining or Western blot with Ni^*-NTA-conjugated to alkaline phosphatase (Qiagen). Fractions containing 
the eluted Hisig-tagged TCCR are pooled and dialyzed against loading buffer. 

Alternatively, purification of the IgG tagged (or Fc tagged) TCCR can be performed using known 
chromatography techniques, including for instance. Protein A or Protein G column chromatography. 
5 Alternatively still, the TCCR molecules of the invention may be expressed using a modified baculovirus 

procedure employing Hi-5 cells. In this procedure, the DNA encoding the desired sequence was amplified with 
suitable systems, such as Pfu (Stratagene), or fused upstream (5'-oO an epitope tag contained within a baculovirus 
expression vector. Such epitope tags include poiy-His tags and immunoglobulin tags (like Fc regions of IgG). A 
variety of plasmids may be employed, including plasmids derived from commercially available plasmids such as pIE-1 

1 0 (Novagen). The pIE 1 - 1 and pIE 1 -2 vectors are designed for constitutive expression of recombinant proteins from the 
baculovirus ie 1 promoter in stably transformed insect ceils. The plasmids differ only in the orientation of the multiple 
cloning sites and contain all promoter sequences known to be important for ie 1 -mediated gene expression in uninfected 
insect cells as well as the hrS enhancer element. pIEI-1 and pIEl-2 include the iel translation initiation site and can 
be used to produce fusion proteins. Briefly, the desired sequence or the desired portion of the sequence (such as the 

15 sequence encoding the extracellular domain of the transmembrane protein) is amplified by PGR with primers 
complementary to the 5' and 3' regions. The 5' primer may incorporate flanking (selected) restriction enzyme sites. 
The product was then digested with those selected restriction enzymes and subcloned into the expression vector. For 
example, derivatives of pIEl- 1 can include the Fc region of human IgG (pb.PH.IgG) or an 8 histidine (pb.PH.His) tag 
downstream (3'-of) the desired sequence. Preferably, the vector construct is .sequenced for confirmation. 

20 Hi5 cells are grown to a confluency of 50% under the conditions of 27 C, no COj, no pen/strep. For each 

150 mm plate, 30 jig of pIE based vector containing the sequence was mixed with 1 ml Ex-Cell medium (Media: Ex- 
Cell 401 + l/100L-GluJRHBiosciences#14401-78P(note;this media is light sensitive)). Separately, 100^1 ofCell 
Pectin (CellFECTIN, Gibco BRL +10362-010, pre-vortexed) is mixed with 1 ml of Ex-Ccll medium. The two 
solutions are combined and incubated at room temperature for 15 minutes. 8 ml of Ex-Cell media is added to the 2 

25 ml of DNA/CcllFECTIN mix and this is layered on Hi5 cells that have been washed once with Ex-Cell media. The 
plate is then incubated in darkness tor 1 hour at room temperature. The DNA/CellFECTINmix is then aspirated, and 
the cells are washed once with Ex-Cell to remove excess Cell FECTIN. 30 ml of fresh Ex-Cell media is added and the 
cells are incubated for 3 days at 28°C. The supernatant is harvested and the expression of the sequence in the 
baculovirus expression vector is determined by batch binding of 1 ml of supernatant to 25 ml of Ni-NTA beads 

30 (QIAGEN) for histidine tagged proteins of Protein-A Sepharose CL-4B beads (Pharmacia) for IgG tagged proteins 
followed by SDS-PAGE analysis comparing to a known concentration of protein standard by Coomassie blue staining. 

The conditioned media from the transfected cells (0.5 to 3 L) was harvested by centrifugation to remove the 
cells and filtered through 0.22 micron filters. For the poly-His lagged constructs, the protein comprising the sequence 
is purified using a Ni-NTA column (Qiagen). Before purification, imidazole at a flow rate of 4-5 ml/min. at 48°C. 

35 After loading, the column is washed with additional equilibrium buffer and the protein eluted with equilibrium buffer 
containing 0 25M imidazole. TTie highly purified protein was then subsequently desalted into a storage buffer 
containing 10 mM Hepcs, 0.14 M NaCl and 4% mannitol, pH 6.8 with a 25 ml G25 Superfine (Pharmacia) column 
and stored at -80°C. 
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Immunoadhesion (Fu-containing) constructs may also be purified from the conditioned media as follows: 
ITie conditioned media is pumped onto a 5 ml Protein A column (Pharmacia) which had been previously equiUbrated 
in 20 mM sodium phosphate buffer, pH 6.8. After loading, the column is washed extensively with equilibrium buffer 
before elution with 100 mM citric acid, pH 3.5. The eluted protein is immediately neutralized by collecting 1 ml 
5 fractions into tubes containing 275 nl of 1 M Tris buffer, pH 9. The highly purified protein is subsequently desalted 
into storage buffer as described above tor the poly-His tagged proteins. The homogeneity is assessed by SDS 
polyacrylamide gels and by N-terminal amino acid sequencing by Edtnan degradation. 

EXAMPLES 
Preparation of Antibodies that Bind TCCR 
10 This example illustrates preparation of monoclonal antibodies which can specifically bind TCCR. 

Techniques for producing the monoclonal antibodies arc known in the art and are described, for instance, in 
Coding, supra. Immunogens that may be employed include purified TCCR, fusion proteins containing TCCR, and 
cells expressing recombinant TCCR on the cell surface. Selection of the immunogen can be made by the skilled 
artisan without undue experimentation. 
15 Mice, such as Balb/c, are immunized with the TCCR immunogen emulsified in complete Freund's adjuvant 

and injected subcutaneously or intraperitoneally in an amount from 1 - 1 00 micrograms. Alternatively, the immunogen 
is emulsified in MPL-TDM adjuvant (Ribi Immunochemical Research, Hamilton, MT) and injected into the animal's 
hind foot pads. The immunized mice are then boosted 10 to 12 days later with additional immunogen emulsified in 
the selected adjuvant. Thereafter, for several weeks, the mice may also be boosted with additional immunization 
20 injections. Serum samples may be periodically obtained from the mice by retto-orbital bleeding for testing in ELISA 
a.ssays to detect an ti -TCCR antibodies. 

Alter a suitable antibody titer has been detected, the animals "positive" for antibodies can be injected with a 
final intravenous injection of TCCR. Three to four days later, the mice are sacrificed and the spleen cells are 
harvested. The spleen cells arc then fused (using 35% polyethylene glycol) to a selected murine myeloma cell line 
25 such as P3X63 AgU. 1 , available from ATCC, No. CRL 1 597. 

The fusions generate hybridoma cells which can then be plated in 96 well tissue culture plates containing 
HAT (hypoxanthine, aminopterin, and thymidine) medium to inhibit proliferation of non-fused cells, myeloma hybrids, 
and spleen cell hybrids. 

The hybridoma cells are screened in an ELISA for reactivity against TCCR. Determination of "positive" 
30 hybridoma cells secreting the desired monoclonal antibodies against TCCR is within the skill in the art. 

The positive hybridoma cells can be injected intraperitoneally into syngeneic Balb/c mice to produce ascites 
containing the anti-TCCR monoclonal antibodies. Alternatively, the hybridoma cells can be grown in tissue culture 
flasks or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be accomplished using 
ammonium sulfate precipitation, followed by gel exclusion chromatography. Alternatively, affinity chromatography 
35 based upon binding of antibody to protein A or protein G can be employed. 
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EXAMPLE 9 

Purification of TCCR Polypeptides Using Specific Antibodies 
Native or recombinant TCCR polypeptides may be purified by a variety of standard techniques in the art of 
protein purification. For example, pro-TCCR polypeptide, mature TCCR polypeptide, or pre-TCCR polypeptide can 
5 be purified by immunoaffinity chromatography using antibodies specific for the TCCR polypeptide of interest. In 
general, an immunoaffinity column is constructed by covalently coupling the anti-TCCR polypeptide antibody to an 
activated chromatographic resin. 

Polyclonal immunoglobulins are prepared from immune sera either by precipitation with ammonium sulfate 
or by purification on immobilized Protein A (Pharmacia LKB Biotechnology, Piscataway, N.J.). Likewise, 
10 monoclonal antibodies are prepared Form mouse ascites fluid by ammonium sulfate precipitation or chromatography 
on immobilized Protein A. Partially purified immunoglobulin is covalently attached to a chromatographic resin such 
as CnBr-activated SEPHAROSE^'^ (Pharmacia LKB Biotechnology). The antibody is coupled to the resin, the resin 
is blocked, and the derivative resin is washed according to the manufacturer's instructions. 

Such an immunoaffinity column is utilized in the purification of TCCR polypeptide by preparing a fraction 
15 fi-om cells containing TCCR polypeptide in a soluble form. This preparation is derived by solubilization of the whole 
cell or of a subcellular fraction obtained via differential centri fugation by the addition of detergent or by other methods 
well Icnown in the art. Alternatively, soluble TCCR polypeptide containing a signal sequence may be secreted in 
useful quantity into the medium in which the cells are grown. 

A soluble TCCR polypeptide-containing preparation is passed over the immunoaffinity column, and the 
20 column is washed under conditions that allow the preferential absorbance of TCCR polypeptide {e.g., high ionic 
strength buffers in the presence of detergent). Then, the column is eluted under conditions that disrupt 
aniibody/TCCR polypeptide binding (e.g., a low pH buffer such as approximately pH 2-3, or a high concentration of 
a chaotrope such as urea or thiocyanate ion), and TCCR polypeptide is collected. 

Example 10 

25 Drug Screening 

Methods may be employed which are particularly useful for screening compounds by using TCCR 
polypeptides or binding fragments thereof in any of a vaiiety of drug screening techniques. The TCCR polypeptide 
or fragment employed in such a test may either be free in solution, affixed to a solid support, borne on a cell surface, 
or located intracellularly . One method of drug screening utilizes eukaryotic or prokaryotic host cells which are stably 

30 transformed with recombinant nucleic acids expressing the TCCR polypeptide or fragment. Drugs are screened 
against such transformed cells in competitive binding assays. Such cells, either in viable or fixed form, can be used 
for standard binding assays. One may measure, for example the formation of complexes between TCCR polypeptide 
or a fragment thereof and the agent being tested. Alternatively, one can examine the diminution in complex formation 
between the TCCR polypeptide and its target cell or target receptors caused by the agent being tested. 

35 Thus, the present invention provides methods of screening for drugs or any other agents which can affect a 

TCCR polypeptide-associated disease or disorder. These methods comprise contacting such an agent with a TCCR 
polypeptide or fragment thereof and assaying (i) for the presence of a complex between the agent and the TCCR 
polypeptide or fragment, or (ii) for the presence of a complex between the TCCR polypeptide or fragment and the cell. 
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by methods well known in the art. In such competitive binding assays, the TCCR polypeptide or fragment is typically 
labeled. After suitable incubation, free TCCR polypeptide or fragment thereof is separated fiom that present in 
bound form, and the amount of free or uncomplexed label is a measure of the ability of the particular agent to bind to 
TCCR polypeptide or to interfere with the TCCR polypeptide/cell complex. 
5 Another technique for drug screening provides high throughput screening for compounds having suitable 

binding affinity to a polypeptide and is described in detail in WO 84/03564, published on September 13, 1984. 
Briefly, large numbers of different small peptide test compounds are synthesized on a solid substrate, such as plastic 
pins or some other surface. As applied to a TCCR polypeptide, the peptide lest compounds are reacted with TCCR 
polypeptide and washed. Bound TCCR polypeptide is detected by methods well known in the art. Purified TCCR 
10 polypeptide can also be coated directly onto plates for use in the aforementioned drug screening techniques. In 
addition, non-neutralizing antibodies can be used to capture the peptide an immobilize it on the solid support. 

This invention also contemplated the use of competitive drug screening assays in which neutralizing 
antibodies capable of binding TCCR binding polypeptide specifically compete with a test compound for binding to 
TCCR polypeptide or fragments thereof. In this manner, the antibodies can be used to detect the presence of any 
1 5 peptide which shares one or more antigenic determinants with TCCR polypeptide. 

EXAMPLE 11 
Rational Drue Design 

The goal of rational drug design is to produce structural analogs of biologically active polypeptide of interest 
{i.e. , a TCCR polypeptide) or of small molecules with which they interact, e.g. , agonists, antagonists, or inhibitors. Any 
20 of these examples can be used to fashion drugs which are more active or stable forms of the TCCR polypeptide or 
which enhance or interfere with the function of the TCCR polypeptide in vivo (c.f „ Hodgson, Bio/T echnology9: 1 9-2 1 
(1991)). 

In one approach, the three-dimensional structure of the TCCR polypeptide, or of a TCCR polypeptide- 
inhibitor complex, is determined by x-ray crystallography, by computer modeling, or most typically, by a combination 

25 of these approaches. Both the shape and charges of the TCCR polypeptide must be ascertained to elucidate the structure 
and to determine active site(s) of the molecule. Less often, useful information regai ding the structure of the TCCR 
polypeptide may be gained by modeling ba.sed on the structure of homologous proteins. In both cases, relevant 
structural information is used to design analogous TCCR polypeptide-like molecules or to identify efficient inhibitors. 
Useful examples of rational drug design may include molecules which have improved activity or stability as shown 

30 by Braxton and Wells, Biochemistry 'iV. 77%-7801 (1992) or which act as inhibitors, agonists, or antagonists of 
native peptides as shown by Athauda etal, J. Biochem. 113: 742-746 (1993). 

It is also possible to isolate a target-specific antibody, selected by functional assay, as described above, and 
then to solve its crystal structure. This approach, in principle, yields a phatmacore upon which subsequent drug design 
can be based. It is possible to bypass protein cyrstallography altogether by generating anti-idiotypic antibodies (anti- 

35 ids) to a functional, pharmacologically active antibody. As a mirror image of a mirror image, the binding site of the 
anti-ids would be expected to be an analog of the original receptor. The anti-id could then be used to identify and 
isolate peptides from banks of chemically or biologically produced peptides. The isolated peptides would then act as 
the pharmacore. 
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By virtue of the present invention, sufficient amounts of the TCCR polypeptide may be made available to 
perform such analytical studies as X-ray crystallography. In addition, knowledge of the TCCR polypeptide amino acid 
sequence provided herein will provide guidance to those employing computer modeling techniques in place of or in 
addition to x-ray crystallography. 
5 Table 2(A-D) show hypothetical exemplifications for using the below described method to determine % amino 

acid sequence identity (Table 2(A-B)) and % nucleic acid sequence identity (Table 2(C-D)) using the ALIGN-2 
sequence comparison computer program, wherein "PRO" represents the amino acid sequence of a hypothetical 
polypeptide of the invention of interest, "Comparison Protein" represents the amino acid sequence of a polypeptide 
against which the "PRO" polypeptide of interest is being compared, "PRO-DNA" represents a hypothetical "PRO"- 
10 encoding nucleic acid sequence of interest, "Comparison DNA ' represents the nucleotide sequence of a nucleic acid 
molecule against which the "PRO-DNA" nucleic acid molecule of interest is being compared, "X, "Y" and "Z" each 
represent different hypothetical amino acid residues and "N", "L" and "V" each represent different hypothetical 
nucleotides. 

EXAMPLE 12 

15 Role of TCCR in Generation of an Immune Response 

Tcell responses: For anti-KLH responses, mice were immunized with 100 jig KLH in saline, in a 1:1 
emulsion with CFA, containing 1 mg/ml Mycobacterium tuberculosis strain H37Ra, (Difco Laboratories, Detroit, MI) 
in the hind footpads. After 9 days, the popliteal lymph nodes were removed and cell suspensions were prepared. The 
lymph node cells were cultured (5X10^ per well) in various concentration of KLH in DMEM medium supplemented 

20 with 5% PCS. Proliferation was measured by addition of 1 nCi of [^H]-thymidine (ICN, Irvine, CA) for the last 1 8 
h of a 5-day culture, and incorporation of radioactivity was assayed by liquid scintillation counting. Assays for 
cytokine production by T cells were conducted by culturing 5 x 10^ draining lymph node cells either from 
KLH-primed wild type or TCCR-deficient mice in the presence of indicated amounts of the KLH in 96 well plates in 
final volume of 200 ml. After 96 hr of culture, 1 50 |jl of culture supernatant was removed from each well and 

25 cytokine levels were determined by ELISA using antibodies from Pharmingen (San Diego, CA), in the recommended 
conditions. 

In vitro induction of Tcell differentiation: CD4* T cells from spleen and lymph nodes from wild type or 
TCCR-deficient littermates were purified with anti-CD4 magnetic beads (MACS). Purified T cells (10^ cells/ml) were 
activated in the presence of irradiated (3000 rad) syngeneic wild-type or knockout APC (10^/ml) and ConA (2.5 

30 ng/ml, Boehringer, Mannheim, Germany), or by plating on plates coated with 5 pg/ml anti-CD3 and Ifig/ml 
anti-CD28 antibodies. The culture medium was supplemented with IL-2 (20U/n]l), IL-12 (3.5ng/ml, R&D Systems) 
and 500 ng/mlanii-IL-4 antibody (Pharmingen) for Thl differentiation, and with IL-2(20U/ml),IL-4(10'^ U/ml,R&D 
Systems) and 500 ng/ml of anti-IFN antibody (Phamingen) for Th2 differentiation. After three days, cells were either 
lysed for RNA extraction, or were extensively washed, counted, and rcstimulated at 10^ cells/ml, either in the 

35 presence of ConA (2.5 iig/ml) or on plates coated with 5 pg/ml anti-CD3 antibody. After 24 hours, supematants were 
harvested and analyzed for the presence of cytokines. 

Total and OVA-specific immunoglobulin levels: Unimmunized mice at 12 weeks of age or older were bled 
and serum was analyzed for the presence ofvariousisotypcs of immunoglobulins by ELISA. For anti-OVA specific 
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antibodies, 6 wk old wild type or TCCR-deficient mice were immunized with 100 jig of OVA in complete Freund's 
adjuvant (i.p.) and 21 day later challenged with 100 ng of OVA in incomplete Freund's adjuvant (i.p.). Seven days 
after challenge mice were bled and serum was analyzed for presence of OVA-specific antibodies. 

Real time PCR analysis: Murine splenocytes were separated into T helper cells (CD4 positive, F4/80 
5 negative, 97% pure), B cells (CD 19 positive, 97% pure), natural killer cells (NKl.l positive, 99% pure), and 
macrophages (F4/80 positive, >95% pure) by FACS, and into cytotoxic T cells (CDS positive, 85% pure) by MACS. 
Total RNA was extracted with Qiagen RNeasy columns and digested with DNAse 1 to remove contaminating 
DNA. RNA was probed for TCCR using Taqman 18. All reactions were made in duplicates and normalized to 
rpl 1 9, a ribosomal housekeeping gene. A no RT control reaction was included and showed that all samples were free 

10 of contaminating DNA. The sequence of all primers and probes is described in Figure 19. 

Wild type and TCCR-deficient mice were immunized with keyhole limpet hemocyanin (KLH), and 
draining lymph nodes harvested 9 days later were assessed for cytokine production after in vitro stimulation in vitro 
with KLH (Fig. 1 6A and B). The ability of TCCR-deficient cells to produce IFN was significantly impaired when 
challenged with KLH, while the production of IL-4 was markedly enhanced. Production of IL-5 and antigen induced 

15 proliferation of TCCR-deficient in vivo primed lymph node cells were normal (Fig 16C and D). Normal levels of 
IFN production were measured upon LPS stimulation of TCCR-deficient mice indicating that there seemed to be 
no intrinsic defects in IFN production in these mice. These results indicate that TCCR-deficient mice are impaired 
in their ability to mount a Thl response. The loss of Thl response is accompanied by an enhanced Th2 response 
similar to what has been observed in mice deficient in Thl cytokines such as IL-12 (Magram, J., et al, 1996, 

20 /mmanify, 4:471-81; Wu.Cef a/., 1997, J Immunol, 159:1658-65). 

In addition to its role in regulating the cellular immune response, IFN is also involved in immunoglobulin 
(Ig) isotype regulation. In particular, IFN is known to enhance the production of lgG2a antibodies and, to a lesser 
extent, of IgG3 antibodies (Snapper, C. M., & Paul, W. E., 1987, Science, 236:944-7; Huang, S., etai, 1993, Science, 
259:1742-5). Consistent with a diminished production of IFN by Thl cells, TCCR-deficient mice had decreased 

25 total serum IgG2a concentrations while the levels of all other immunoglobulin isotypes were normal (Fig, 17A). 
Furthermore, upon in vivo challenge with ovalbumin (OVA), TCCR-deficient mice had severely reduced titers of 
OVA-specitic IgG2a (-20% ot controls; Fig. 17B). 

Thl response is crucial in the defense against intracellular pathogens such as Listeria monocytogenes (L 
monocytogenes). To further establish the in vivo role of TCCR in the control of Thl response, TCCR-deficient mice 

30 and control littermates were infected with a sublethal dose of L monocytogenes (3x10^ colony forming units 
(CFU)). Bacterial titers were determined 3 days or nine days after infection and found to be up to 10^-fold higher in 
the livers of TCCR-deficient mice (Fig. 17C). 

The role of TCCR in mediating the differentiation of a Thl response in vitro was next investigated. CD4+ 
T cells from wild type and TCCR-deficient mice were differentiated in vitro in the presence of irradiated APC under 

35 conditions that favor either Thl or Th2 cell development. After 3-4 days in culture, cells were washed and 
restimulated with ConA, and 24h later, supematants were analyzed for the presence of cytokines. When 
differentiated into Thl cells, TCCR-deficient lymphocytes produced 80% less IFN- than their wild type littermates 
(Fig. 18A). In contrast, TCCR-deficient lymphocytes grown in the presence of IL-4 and anti-IFN- antibodies 
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produced slightly more IL-4. Similar results were obtained with CD4* CD45Rb'"^'' naive T cells. This effect is 
intrinsic to the T cells for 2 reasons: First, similar results were obtained when T cells were differentiated in the 
presence of APC derived from wild type or TCCR-deficient mice. Second, the effect was reproducible in an APC free 
system where T cell differentiation was carried out using plate-immobilized anti-CD3/CD28 (Fig. 18B). The 
reduction in IFN production also correlates with a decrease in the number of IFN producing cells as measured by 
intracellular FACS staining. The observed ThI deficiency did not appear to be the result of a defect in the IL-12 
receptor as both subunits of the receptor were expressed normally in activated T-cells. Since IL-12 could still 
promote the proliferation of ConA stimulated T cells from wild type and TCCR-deficient mice, there seems to be no 
defect in the IL-12 signaling pathway in these mice (Fig. ISCand D). 

Table 3(A-Q) provides the complete source code for the ALIGN-2 sequence comparison computer program. 
This source code may be routinely compiled for use on a UNIX operating system to provide the ALIGN-2 sequence 
comparison computer program. 
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Tahle2A 

PRO XXXXXXXXXXXXXXX (Length = 1 5 amino acids) 

5 Comparison Protein XXXXXYYYYYYY (Length = 12 amino acids) 

% amino acid sequence identity = 

(the number of identically matching amino acid residues between the two polypeptide sequences as determined by 
10 ALIGN- 2) divided by (the total number of amino acid residues of the PRO polypeptide) = 

5 divided by 15 = 33.3% 

Table 2B 

15 

PRO XXXXXXXXXX (Length =10 amino acids) 

Comparison Protein XXXXXYYYYYYZZYZ (Length = 1 5 amino acids) 

.% amino acid sequence identity = 

20 

(the number of identically matching amino acid residues between the two polypeptide sequences as determined by 
ALIGN-2) divided by (the total number of amino acid residues of the PRO polypeptide) = 

5 divided by 10 = 50% 

25 

Table 2C 

PRO-DNA NNNNNNNNNNNNNN (Length = 14 nucleotides) 

Comparison DNA NNNNNNLLLLLLLLLL (Length = 16 nucleotides) 

30 

% nucleic acid sequence identity = 

(the number of identically matching nucleotides between the two nucleic acid sequences as determined by ALIGN-2) 
divided by (the total number of nucleotides of the PRO-DNA nucleic acid sequence) = 

35 

6 divided by 14 = 42.9% 



Table 2D 

40 PRO-DNA NNNNNNNNNNNN (Length = 12 nucleotides) 

Comparison DNA NNNNLLLW (Length = 9 nucleotides) 

% nucleic acid sequence identity = 

45 (the number of identically matching nucleotides between the two nucleic acid sequences as determined by ALIGN-2) 
divided by (the total number of nucleotides of the PRO-DNA nucleic acid sequence) = 

4 divided by 12 = 33.3% 
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Table 3A 



* C-C increased from 12 to 15 

* Zis average of EQ 

* B is average of ND 

* match with stop is _M; stop-stop = 0; J (joker) match = 0 
*/ 

#define _M -8 /* value of a match with a stop*/ 



/* A */ { 2, 0,-2, 0, 0,-4, 1 ,-1.-1 , 0,-1 ,-2,-1 , 0,_M, 1 , 0,-2, 1.1,0, 0.-6. 0.-3. 0}. 

/*B*/ {0,3,-4,3,2,-5,0, 1,-2, 0, 0,-3,-2, 2,_M,-1 , 1,0,0,0,0,-2,-5,0,-3, 1), 

/* C */ {-2,-4,15,-5,-5,-4,-3,-3,-2, 0,-5,-6,-5,-4,_M,-3.-5,-4, 0,-2, 0,-2,-8, 0, 0,-5), 

/* D */ { 0, 3,-5, 4, 3,-6, 1 , 1 ,-2, 0, 0,-4,-3, 2,_M,- 1 , 2,- 1 , 0, 0, 0,-2,-7, 0,-4, 2}, 

/* E */ { 0, 2,-5, 3, 4,-5, 0, 1,-2, 0, 0,-3.-2, 1,_M,-1. 2,-1, 0, 0, 0,-2,-7, 0.-4, 3}, 

/* F */ {-4,-5,-4,-6,-5, 9,-5,-2, 1, 0,-5, 2, 0,-4,_M,-5,-5,-4,-3,-3, 0,-1, 0, 0, 7,-5), 

/*G*/ { 1,0,-3, 1,0,-5, 5,-2,-3, 0,-2,-4,-3, 0,_M,- 1,-1, -3, 1,0,0,-1,-7,0,-5,0), 

/*H*/ {-1, 1,-3, 1, 1, -2,-2, 6,-2,0, 0,-2,-2. 2._M. 0.3. 2.- 1,-1, 0,-2,-3, 0,0, 2), 

/* I *y {-1,-2,-2,-2,-2, 1,-3,-2, 5, 0,-2, 2, 2,-2,_M,-2,-2,-2,-l, 0, 0, 4,-5, 0,-1,-2), 

/* J */ { 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,_M, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0) , 

/* K */ {-1, 0,-5, 0, 0,-5,-2, 0,-2. 0, 5,-3, 0, 1,_M,-1, 1. 3. 0, 0, 0,-2,-3, 0,-4, 0), 

/* L */ {-2,-3,-6,-4,-3, 2,-4,-2, 2, 0,-3, 6, 4,-3,_M,-3,-2,-3,-3,-l, 0, 2,-2, 0,-1,-2), 

/* M */ {-1,-2,-5,-3,-2, 0,-3,-2. 2. 0, 0, 4. 6.-2._M,-2.-l, 0,-2,-1, 0, 2,-4. 0.-2,-1 }, 

/* N */ { 0, 2,-4, 2, 1 ,-4, 0, 2,-2, 0, 1,-3,-2, 2,_M,-1, 1, 0, 1,0, 0,-2,-4, 0,-2, 1), 

/* O */ {_M,^M,_M,_M,_M,_M,_M,_M^M,_M^M,_M,_M,_M, 0,_M,_M,_M,_M,_M^M,_M,_M,_M,_M,_M}, 

/*P*/ { 1,-1,-3,-1,-1,-5,-1, 0,-2,0,-l,-3,.2,-l,_M,6,0,0, 1,0,0,-1,-6,0,-5,0), 

/* Q */ { 0, 1,-5, 2, 2,-5,-1, 3,-2, 0, 1,-2,-1, 1,_M, 0, 4, 1,-1,-1, 0,-2,-5, 0,-4, 3), 

/* R */ {-2, 0,-4,-1 .-1.-4,-3, 2,-2, 0, 3,-3, 0, 0,_M, 0, 1, 6, 0,-1, 0.-2, 2, 0,-4, 0), 

/* S */ { 1 , 0, 0, 0, 0,-3, 1,-1,-1,0, 0,-3,-2, 1 ,_M, 1 .-1 , 0, 2. 1 , 0,-1 ,-2. 0.-3. 0), 

1*1*1 { 1 . 0,-2, 0, 0,-3, 0,- 1 , 0, 0, 0,- 1,-1, 0,_M, 0,- 1 .-1 , 1 , 3, 0, 0.-5, 0,-3, 0), 

/* U */ { 0, 0, 0, 0. 0, 0. 0. 0. 0. 0, 0. 0. 0. 0,_M. 0. 0. 0. 0. 0. 0. 0, 0, 0, 0. 0). 

y* V */ { 0,-2,-2,-2,-2,-1,-1,-2, 4, 0,-2, 2, 2,-2,_M,-l,-2,-2,-l, 0, 0, 4,-6, 0,-2,-2), 

/* W */ {-6,-5,-8,-7,-7, 0,-7,-3,-5, 0,-3,-2,-4,-4,_M,-6,-5, 2,-2,-5, 0,-6,17, 0, 0.-6), 

/* X */ { 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,_M. 0, 0. 0. 0, 0, 0, 0, 0, 0, 0, 0), 

/* Y */ {-3,-3, 0,-4,-4, 7,-5, 0,-1, 0,-4,- l,-2,-2,_M,-5 ,-4,-4,-3,-3, 0,-2, 0, 0,10,-4), 

/* Z */ { 0, 1,-5, 2, 3,-5, 0, 2,-2, 0, 0,-2,-1, l._M, 0, 3, 0. 0, 0, 0,-2,-6, 0,-4, 4) 

}; 



Page 1 of day.h 
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Table 3B 

/* 
*/ 

#include <stdio.h> 
#include <ctype.h> 



#define MAXJMP 16 /* max jumps in a diag */ 

#define MAXGAP 24 /* dont continue to penalize gaps larger than this */ 

#define JMPS 1024 /* max jmps in an path */ 

#define MX 4 /* save if there's at least MX- 1 bases since last jmp *l 



#denne DMAT 

#dcrine DMIS 

#define DINSO 

#derine DlNSl 

#define PINSO 

tfdefine PINSl 

struct jmp{ 

short 

unsigned short 



/* value of matching bases */ 

/* penalty for mismatched bases */ 

/* penalty for a gap */ 

/* penalty per base */ 

/* penalty for a gap */ 

/* penalty per residue */ 



n[MAXJMP]; /* size of jmp (neg for dely) */ 
x[MAXJMP]; /* base no. of jmp in seq x */ 
/* limits seq to 2'^1 6-1 */ 



long 
short 
struct jmp 



/* offset of prcv block */ 
/♦current jmp index*/ 
/* list of jmps */ 





int 


spc; 


/* number of leading spaces */ 






n[JMPS];/*siz 


c of jmp (gap)*/ 




int 


x[JMPS]; /* loc of jmp (last elem before gap) */ 






*ofile; 


/* output file name */ 






*namex[2]; 


/* seq names: getseqsO */ 






*prog; 


/* prog name for err msgs */ 


char 




*seqx[2]; 


/* seqs: getscqsQ */ 


int 






/* best diag: nw() */ 


int 




dmaxO; 


/* final diag */ 


int 




dna; 


/* set if dna: mainO */ 


int 




cndgaps; 


/* sel if penalizing end gaps */ 


int 




gapx, gapy; 


/* lulal gaps in seqs */ 


int 




lenO, lenl; 


/* seq lens */ 


int 




ngapx, ngapy; 


/* total size of gaps */ 


int 






/* max score: nw() */ 


int 






/* bitmap for matching */ 






offset; 


/* current offset in jmp file */ 




diag 


*dx; 


/* holds diagonals */ 




path 


pp[2]; 


/* holds path for seqs */ 



char *calloe(), *malloc(), *index(), *strcpy(); 



Pagel ofnw.h 
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Table 3C 

/* Needleman-Wunsch alignment program 

* usage: progs filel file2 

* where filel and file2 are two dna or two protein sequences. 

* The sequences can be in upper- or lower-case an may contain ambiguity 

* Any lines beginning with '>' or '<' are ignored 

* Max file length is 65535 (limited by unsigned short x in the jmp struct) 

* A sequence with 1 /3 or more of its elements ACGTU is assumed to be DNA 

* Output is in the file "align.out" 

* The program may create a tmp file in Amp to hold info about traceback. 

* Original version developed under BSD 4.3 on a vax 8650 
*/ 

#iiidiide "nw.h" 
#incliide "day.h" 

static _dbval[26] = { 

1 , 14,2, 1 3,0,0,4,1 1 ,0,0, 1 2,0,3, 15,0,0,0,5,6,8,8,7,9,0, 1 0,0 

}; 

static _pbval[26] = { 

1, 2I(I«(D'-'A'))I(1«('N'-'A:)), 4, 8, 16, 32, 64, 
128, 256, OxFFFFFFF, 1«10, l«ll, l«12, 1«13, l«14, 
1«15, 1«16, 1«17, 1«18, 1«19, 1«20, 1«21, 1«22, 
1«23, 1«24, 1«25I(1«(E'-'A'))I(1«(Q'-'A)) 



char *av[]; 

prog = av[0]; 
ir(ac !=3) { 

fprintf(stdcrr,"usage; %.s filel file2\n", prog); 

^rintf(stderr,"where filel and file2 are two dna or two protein sequcnces.\n 
^rintf(stderr,"The .sequences can be in upper- or lower-case\n"); 
fprintf(stderr,"Any lines beginning with V or '<'are ignored\n"); 
fprintf(stderr,"Output is in the file \"align.out\"\n")-, 

exit(l); 

} 

namex[0] = av[l]; 

namex[l] = av[2]; 

seqx[0] = getseq(namex[0], &lenO); 

seqx[l] = getseq(namex[l], &lenl); 

xbm = (dna)? .dbval : .pbval; 

endgaps = 0; /* 1 to penalize endgaps */ 

ofile = "align.out"; /* output file */ 

nw(); /* flu in the matrix, get the possible jmps */ 

readjmpsO; /* get the actual jmps */ 

printO; /* print stats, alignment */ 

cleanup(O); /* unlink any tmp files */ 
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Table 3D 

/* do the alignment, return best score: raainQ 

* dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983 

* pro: PAM 250 values 

* When scores are equal, we prefer mismatches to any gap, prefer 

* a new gap to extending an ongoing gap, and prefer a gap in seqx 

* to a gap in seq y. 



char *px, *py; /* seqs and ptrs */ 

int *ndely, *dely; /* keep track of dely */ 

int ndelx, delx; I* keep track of delx */ 

int *tmp; /* for swapping rowO, row 1 */ 

int mis; /* score for each type */ 

int insO, insl ; /* insertion penalties */ 

register id; /* diagonal index */ 

register Ij; /* jmp index */ 

register *colO, *coll; /* score for curr, last row */ 

register xx, yy; /* index into seqs */ 

dx = (struct diag *)g_calloc("ta get diags", lcnO+lenl + 1, sizeof(struct diag)); 

ndeiy = (int *)g_calloc("to get ndely", lenl+I, sizeof(int)); 

dely = (int *)g_callQc("to get dely", lenl+1, sizeof(int)); 

colO = (int *)g_calloc("to get colO", lenl+1, sizeofi(int)); 

coll = (int *)g_callocC'to get coll", lenl+1, sizeof(int)); 

insO = (dna)? DINSO : PINSO; 

insl = (dna)? DINS 1 :P1NS1; 

sniax = -10000; 

if (endgaps){ 

for (colO[0] = dely[0] = -insO, yy = 1 ; yy <= len 1 ; yy++) { 
ccl0[yy] = dely[yy] = col0[yy-l] - insl; 
ndcly[yy] = yy; } 

col0[0] = 0; /* Waterman Bull Math Biol 84 */ } 

else 

for(yy= 1 ; yy <= len 1 ; yy++) 
dely[yy] = -insO; 
/* fill in match matrix 
*/ 

for (px = seqx[0], xx = 1; xx <= lenO; px++, xx++) { 
/* initialize first entry in col 

if(endgaps){ 

if(xx=l) 

col 1[0]= delx = -(ins0+insl); 



coll[0]=0; 
delx = -insO; 
ndelx = 0; 
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Table 3E 



for (py = seqx[ 1 ], yy = 1 ; yy <= len 1 ; py++, yy++) { 
mis = colO[yy-l]; 
if(dna) 

mis += (xbm[*px-'A'J&xbm[*py-'Al)? DMAT : DMIS; 

else 

mis +=_day[*px-'Al[*py-'Al; 

/* update penalty for del in x seq; 

* favor new del over ongong del 

* Ignore MAXGAP if weighting endgaps 
*/ 

if (endgaps II ndely[yy] < MAXGAP) { 

if (col0[yyj - insO >= dely[yy]) { 

dely[yy] = colO[yy] - (insO+insl); 
ndely[yy] - 1 ; 

)else{ 

dely[yy] -= insl ; 
ndely[yy]-t-i-; 

} 

}else{ 

if (colO[yy] - (insO+insI) >= dely[yy]) { 

dely[yy] = colO[yy] - (insO+insI); 

ndely[yy] = 1 ; 



/* update penalty for del in y seq; 
* favor new del over ongong del 
*/ 

if (endgaps II ndelx < MAXGAP) { 

if(coll[yy-l]-insO>=delx){ 

delx = coll[yy-l] - (insO+insI); 
ndelx = 1; 

)else{ 

delx -=insl; 

) 

}else{ 

if (col 1 [yy- 1 ] - (insO+ins 1 ) >= del x) { 

delx = collfyy-n - (insO+insI); 
ndelx = 1; 

}e]se 

ndelx++; 



/* pick the maximum score; we're favoring 
* mis over any del and delx over dely 
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id = xx-yy + lenl - 1; 

if (mis >= delx && mis >= dely[yy]) 

coll[yy] = mis; 
else if (delx >= dely[yy]) { 

col l[yy]= delx; 

ij = dx[id].ijmp; 

if (dx[id].jp.n[0] && (!dna II (ndclx >= MAXJMP 
&& XX > dx[id].jp.x[ij]+MX) II mis > dx[id].score+DINSO)) { 
dx[id].ijmp++; 
if (■H-ij>= MAXJMP) { 
writejmps(id); 
ij = dx[id].ijmp = 0; 
dx[id].offset = offset; 

offset += sizeof(struct jmp) + sizeof(offset); } 

} 

dx[id].jp.n[ij] = ndelx; 
dx(id].jp.x[ij] = xx; 

dx[id].score = delx; } 
else{ coil [yy] = dely[yy]; 
ij = dx[id].ijmp; 
if (dx[id].jp.n[0] && (!dna II (ndely[yy] >= MAXJMP 

&& XX > dx[id].jp.x[ij]+MX) II mis > dx[id].scoie4-DINS0)) { 
dx[id].ijrap++; 
if (■H-ij>= MAXJMP) { 
writejmps(id); 
ij = dx[id].ijmp = 0; 
dx[id].offset = offset; 

offset +=sizeof(struct jmp) + sizeof(offset); } } 
dx[id].jp.n[ij] = -ndely[yy]; 
dx[id].jp.x[ij] = xx; 

dx[id].score = delylyy]; ) 
if(xx = lenO&&yy<lenl){ 
/* last col 
*/ 

if (endgaps) 

col 1 [yy] -= insO-f ins 1 *(len 1 -yy); 
if(coll[yy]>smax){ 

smax = coll [yy]; 

dmax = id; ) 

) 

} 

if (endgaps && xx < lenO) 

col 1 [yy- 1 ] -= insO+insI *(lenO-xx); 
if(coll[yy-ll>smax){ 

dmax = id; ^' ) 
tmp = colO; colO = col 1 ; coll = imp; } 
(void) frce((ciiar *)ndcly); 
(void) free((char *)dely); 
(void) free((char *)colO); 
(void)free((char*)coll); 
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* printO - only routine visible outside this module 



* getmatO ~ trace back best patli, count matches: prinl() 

* pr_align() - print alignment of described in array p[]: printO 

* dumpblocl<() - dump a block of lines with numbers, stars: pr_align() 

* numsO - put out a number line: dumpblockQ 

* putlineO - put out a line (name, [num], seq, [num]): dumpblockQ 

* starsO - -put a line of stars: dumpblockQ 

* stripnameQ - strip any path and prefix from a seqname 



#defiiie P_LINE 256 /* maximum output line */ 

idefine P_SPC 3 /* space between name or num and seq */ 

extern _day[26][26]; 

int olen; /* set output line length */ 

FILE *fx; /* output file*/ 

printQ 
{ 

int Ix, ly, firstgap, lastgap; /* overlap */ 

if ((fx = fopen(ofilc, "w")) == 0) { 

fprintf(stderr,"%s: can^ write %s\n", prog, ofile); 

cleanup(l); } 
fprintf(fx. "<first sequence: %s Oength = %d)\n", namex[0], lenO); 
fprintf(fx, "<second sequence: %s (length = %d)\n", namex[l], lenl); 
olen = 60; 
Ix = lenO; 
ly = lenl; 

firstgap = lastgap = 0; 

if (dmax < len 1 - 1 ) { /* leading gap in x */ 

pp[0].spc = firstgap = Icnl - dmax - 1 ; 
ly .= pp[0].spc; 

) 

else if (dmax > Icnl - 1) { /* leading gap in y */ 
pp[l].spc = firstgap = dmax - (lenl - 1); 
lx-=pp[l].spc; 

} 

if (dmaxO < lenO - 1 ) { /* trailing gap in x */ 

lastgap = lenO - dmaxO -1 ; 
Ix -= lastgap; 

) 

else if (dmaxO > lenO - 1 ) { /* trailing gap in y */ 
lastgap = dmaxO - (lenO - 1); 
ly -= lastgap; 

) 

getmat(k, ly, firstgap, lastgap); 
pr_alignQ; 
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Table 3H 



« back the best path, count matches 



getmal(lx, ly, firstgap, lastgap) 

int Ix, ly; /* "core" (minus endgaps) */ 

int firstgap, lastgap; leading trailing overlap */ 

{ 

int nm, iO, il , sizO, sizl ; 

char outx[32]; 
double pet; 
register nO, nl; 

register char *pO, *pl ; 
/* get total matches, score 
*/ 

iO = il =sizO = sizl =0; 
pO = seqx[0] + pp[l].spc; 
pi =seqx[l] + pp[0].spc; 
nO = pp[l].spc+ 1; 
nl = pp[OJ.spc + 1 ; 
nm = 0; 

while ( *pO && *pl ) { 

if (sizO) { 

pl++; 



sizl--; ) 

else{ 

if (xbm[*pO-'Al&xbm[*p 1 -'A]) 

if(nO++==pp[0].x(iO)) 

sizO = pp|01,nUO-H-]; 
if(nl++ = pp[l).x[ill) 

sizl =pp[l].n[il++]; 

pO++: 
pl++; } 

} 

/* pet homology: 

* if penalizing endgaps, base is the shorter seq 

* else, knock off overhangs and take shorter core 
*/ 

if (endgaps) 

Ix = (IcnO < lenl )? lenO : lenl ; 

else 

lx = (lx<ly)?lx : ly; 
pet = 100.*(double)nm/(double)lx; 
fprintf(fx, "\n"); 

fprintf(fx, "<%d match%s in an overlap of %d: %.2f percent si 
nm, (nm = 1)? "" ; "es", Ix, pet); 
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Table 31 

fprintf(fx, "<gaps in first sequence: %d", gapx); 
if(gapx){ 

(void) sprintf(outx, " (%d %s%s)", 

ngapx, (dna)? "base":"residue", (ngapx == 1)? "":"s"); 
fprintf(fx,"%s", outx); 
fprintf(fx, ", gaps in second sequence: %d", gapy); 
if (gapy) {(void) sprintf(outx, " (%d %s%s)", 

ngapy, (dna)? "base":"residue", (ngapy =- 1)? "":"s"); 
fiprintf(fx,"%s", outx); } 

if (dna) 

fprintf(fx, 

"\n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n", 
smax, DMAT, DMIS, DINSO, DINSl); 

fprintf(fx, 

"VKscore: %d (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n", 
smax, PINSO, PINSl); 
if (endgaps) 

fprintf(fx, 

"<endgaps penalized, left endgap: %d %s%s, right endgap: %d %s%s\n", 
firstgap, (dna)? "base" : "residue", (firstgap = 1)? "" : "s", 
lastgap, (dna)? "base" : "residue", (lastgap = 1)? "" : "s"); 

fprintf(fx, "<endgaps not penalizedVn"); } 

static nm; /* matches in core -- for checking */ 

static Imax; /* lengths of stripped file names */ 

static ij[2]; /* jmp index for a path */ 

static nc[2J; /* number at start of current line */ 

static ni[2]; /* current elem number - for gapping */ 

static siz[2]; 

static char *ps[2]; /* ptr to current element */ 

static char *po[2]; /* ptr to next output char slot */ 

static char out[2][P_LlNE]; /* output line */ 

static char star[P_LINE]; /* set by starsQ */ 
/* 

* print alignment of described in struct path pp[ 1 



pr_align() 
{ 

int nn; /* char c( 



for (i = 0, Imax = 0; i < 2; i++) {nn = stripname(namex{i]); 
If (nn>lmax) 

nc[i] = l; 
ni[i]=l; 
siz[i] = ij[i] = 0; 
ps[i] = seqx[i]; 
po[i]=out[i]; 
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for (nn = nm = 0, more = 1 ; more; ) { 

for (i = more = 0; i < 2; i++) { 



* do we have m 
*/ 

if(!*ps[i]) 



if (pp[i] .spc) { /* leading space */ 
*po[i]++ = "; 

pp[i].spc-; ) 
elseif(siz[i]){ /* in a gap*/ 
*po[i]++ = 

siz[i]-; } 
else { /* we're putting a seq element 

*po[i] = *ps[i]; 
if (islower(*ps[i])) 

*ps[i]=toupper(*ps[i]); 

po[i]-H-; 
ps[i]++; 

/* 

* are we at next gap for this seq? 

*/ 

if(ni[i] = pp[i].x[ij[i]]){ 



* at this location 
*/ 

siz[i] = pp[i].n[ij[i]++]; 
while(ni[i] = ppLiJ.x[ijli|J) 

si^[i]+=pp[i].n[ij[i]++l; 

ni[i]++; 

} 

} 

if (++nn = olen II Imore && nn) { 
dumpblockO; 
for (i = 0; I < 2; i++) 

po[i]=out[i]; 
nn = 0; ) 



* dump a block of lines, including numbers, s 

*/ 

dumpblockO 
{ 

register i; 

for (i = 0; i < 2; i++) 

*po[i]- = W; 
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Table 3K 

(void) putc(Nn', fx); 
for(i = 0;i<2;i++){ 

if (*out[iJ && (*out[i] != • ' II *(po[i]) !=")){ 
if (1 = 0) 

nums(i); 
if(i = 0&&*out[l]) 

starsO; 

putline(i); 

if(i = 0&&*out[l]) 

l"printf(fx, slar); 

if (1=1) 

nums(i); } 

} 

} 

/* 

* put out a number line: dumpblockO 

static 
nunis(lx) 

int Ix; /* index In out[] holding seq line */ 

{ char nlinc[P_UNE]; 

register i,j; 

register char *pn, *px, *py; 
for (pn = nline, i = 0; i < linax+P_SPC; i-i-+, pn++) 

for (i = nc[ix], py = out[ix]; *py; py++, pn-H-) { 
if(*py = "|| *py = '-') 
*pn = "; 

else{ 

if (i%10 = 0 II (i = 1 && nc[ix] != 1)) { 
j = (i<0)?-l:i; 
for (px = pn; j; j /= 10, px-) 
*px=j%10 + D'; 

if(i<0) 

else *'"' ^ ' ' 

*pn = ' '; 
1++: } 

) 

*pn = \0'; 
nclixj = i; 

for (pn = nline; *pn; pn++) 

(void) putc(*pn, fx); 
(void) putc(Vi', fx);) 

* put out a line (name, [num], seq, [num]): dumpblockO 
*/ ^ 

pudine(ix) 

int ix; 

{ 



93 



wo 01/29070 



PCT/USOO/28827 



Table 3L 

...putUne 

int i; 
register char *px; 

for (px = natnex[ix], i = 0; *px && *px != px++, i++) 

(void) putc(*px, fx); 
for (; i < lmax+P_SPC; i-H-) 

(void) putcC ', fx); 
/* these count from 1 ; 

* ni[] is current element (from 1) 

* nc[] is number at start of current line 
*/ 

for (px = out[ix]; *px; px++) 

(void) putc(*px&0x7F, fx); 
(void) putc(\n', fx); 



* put a line of stars (scqs always in out[0], out[l]): dumpblockO 
*/ 

starsO sUrs 
{ 

int i; 

register char *pO, *pl , cx, *px; 

if (!*out[0] II {*out[0] = " && *(po[0]) = ") II 
!*out[l] II (*out[l] = "&& *(po[l]) = ")) 

px = star; 

for (i = lmax+P_SPC; i; i-) 

*px++="; 

for (pO = out[0], p 1 = out[ 1 1; *pO && *p 1 ; pO++, pi ++) { 

if (isalpha(*pO) && isalpha(*pl)) { 

if(xbm[*pO-'A1&xbm[*pl-'Al){ 




> 

else if (Idna && _day[*pO-'Al*pl-'A'] > 0) 



} 




) J ' 

*px = \0'; 

} 

Page 6 of nwprinl.c 



94 



wo 01/29070 PCT/USOO/28827 
Table 3M 

* strip path or prefix from pn, return len; pr_alignO 
*/ _ 

stripname(pn) stripn 
char *pn; /* file name (may be path) */ 

{ 

register char *px, *py; 
py = 0; 

for (px = pn; *px; px++) 
if(*px=='/') 

py = px + 1 ; 

if(py) 

(void) strcpy(pn, py); 
retiirn(strlen(pn)); 
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* cleanupO - cleanup any tmp file 

* getseqO -- read in seq, set dna, len, maxlen 

* g_calloc() - callocO wilh error checkin 

* readjmpsO -- get the good jmps, from tmp file if necessary 

* writejmpsO ~ write a filled array of jmps to a tmp file: nwQ 

#include "nw.h" 
include <sys/file.h> 

char *jname = 7tmp/homgXXXXXX"; /* tmp file for jmps*/ 

FILE *f): 

int cleanupO; /* cleanup tmp file */ 

long IseekO; 

/* 

* remove any tmp file if we blow 
*/ 

clcanup(i) 
{ if(fj) 

(void) unlink(jnamc); 

exit(i);} 

/* 

* read, return ptr to seq, set dna, len, maxlen 

* skip lines starting with V, '<'■ or 

* seq in upper or lower case 
*/ 

getseq(file, len) 

char *file; /* file name */ 
int *len; /* seq len */ 

{ 

char line[1024], *pseq; 

register char *px, *py; 
int natgc, tlen; 

RLE *fp; 
if((fp = tbpen(tile,"r"))==0){ 

fprintf(stderr,"%s: can't read %s\n", prog, file); 

exit(l); 

} 

tlen = natgc = 0; 

while (fgets(line, 1024, fp)) { 

if (*line == V 11 *line = •<'ll *line = '>') 

continue; 
for (px = line; *px != \n'; px++) 

if (isuppor(*px) II islower(*px)) 
tlen-H-; 

} 

if ((pseq = malloc((unsigned)(tlen+6))) = 0) { 

fprintf(stdeiT,"%s: mallocQ failed to get %d bytes for %s\n", prog, tlen+6, file); 

exil(l); 

) 

pseq[0] = pseq[l] = pseq[2] = pseq[3] = W; 
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py = pseq + 4; 
rewind(fp)i 

while (fgetsdinc, 1024, fp)){ 

if (*line = V II *line = '<' II *line = ">•) 



for (px = line; *px != Nn'; px++) { 
if(isupper(*px)) 

*py++ = *px; 
elseif (islower(*px)) 

*py++ = toupper(*px); 
if Cindex("ATCK:U".*(py- 1 ))) 

natgc++; } 

) 

*py++ = W, 
*py = \0-; 
(void) fcIose(fi5); 
dna = natgc > (tlcii/3); 
retum(pseq+4); 



g_calloc(msg, nx, sz) 
int nx, 



char *px, *callocO: 

if ((px = calloc((unsigned)nx, (uiisigned)sz)) = 0) { 
if(*msg){ 

fprintf(stderr, "%s; g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, n 
exit(l); } 

} 

retum(px); 



* get final jmps from dx[] or tmp file, set pp[], n 
*/ 

readjmpsO 



int siz, 10, il; 

if^){ 

(void) fclose(fj); 

if ((ta = open(jname, 0_RDONLY, 0)) < 0) { 

fprintf(stderr, "%s: cant open() %s\n", prog, jname); 
cleanup(l); } 

) 

for (i = iO = i 1 = 0, dmaxO = dmax, xx - lenO; ; i++) { 
wliile(l){ 

for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x|j] > 



Page 2 of nwsubr.c 



97 



wo 01/29070 



PCT/USOO/28827 



Table 3P 

if (j < 0 && dx[dmax],offset && fj) { 

(void) lseek(fd, dx[dmax].offset, 0); 
(void) read(fd, (char *)&dx[dmax].jp, sizeof(struct jmp)); 
(void) read(fd, (char *)&dx[dmax].offset, sizeof(dx[dmax] .offset)); 
dx[dmax].ijmp = MAXJMP- 1 ; ) 

dse 

break; } 

if(i>=JMPS){ 

fprintf(shleiT, "%s: too many gaps in alignment\n", prog); 

cleanupd); } 
ifa>=0){ 

siz = dx[dmax].jp.n[j]; 

xx = dx[dmax].jp.xU]; 

if (siz < 0) { /* gap in second scq */ 

pp[l].n[il] = -siz; 

/*id = xx'-yy + Ienl -1 
*/ 

pp[l].x[il] = XX - dmax + Icnl - 1; 

gapy++; 

ngapy-=siz; 
/* ignore MAXGAP when doing endgaps */ 

siz = (-siz < MAXGAP II endgaps)? -siz : MAXGAP; 

il++; } 
else if (siz > 0) { /* gap in first seq */ 

pp[0].n[iO] = siz; 

pp[0].x[iO] = xx; 

gapx-H-; 

ngapx += siz; 
/* ignore MAXGAP when doing endgaps */ 

siz = (siz < MAXGAP II endgaps)? siz : MAXGAP; 

iO++; ) 

) 

else 

breal<; } 
/* reverse the order of jmps 
*/ 

for 0 = 0, iO~; j < iO; j++, iO-) { 

i = PPlOJ.nU]; pp[0].nUJ = pplO].n[iO]; pp[0].n[iO] = i; 

i = pp[0].x[j]; pp[0].x[j] = pp[01.x[iO]; pp[0].x[iO] = i; } 
for(j=0,il-;j<il;j+-t-,il-){ 

i = PP[l].nD]; Pp[l].nD] = pp[l].n[il]; pp[l].nlil ] = i; 

i = pp[I].xD]; pp[l].xU] = pp[l].x[il]; pp[I].x[il] = i; } 
if(fd>= 0) 

(void) dosc(fd); 

if(l]){ 

(void) unlink(jname); 
5 = 0; 
offset = 0;} 



wo 01/29070 PCT/USOO/28827 
Table 30 

/* 

* write a filled jmp struct offset of the prev one (if any): nw() 
*/ 

writejmps(ix) writejmps 
int ix; 

{ 

char *mktempO; 
ifV.fi) I 

if (mktemp(jname) < 0) { 

fprintfCstderr, "%s: cant mktempO %s\n", prog, jname); 

cleanup(l); 

} 

if ((Ij = ropen(jname, "w")) = 0) { 

fprintf(stderr, "%s: cant write %s\n", prog, jname); 
exit(l); 

} 

} 

(void) fwrite((char *)&dx[ix].jp, sizeof(struct jmp), 1, Q); 
(void) fwrite((cliar *)&dx[ix] .offset, sizeof(dx[ix].offset), 1, fj); 

} 
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What is claimed: 

1. A method of enhancing, stimulating or potentiating the differentiation of T-cells into the Th2 subtype 
5 instead of the Thl subtype, comprising contacting said T-cells with an effective amount of a TCCR 

antagonist. 

2. The method of claim 1, wherein the enhancing, stimulating or potentiating occurs in a mammal and the 

effective amount is a therapeutically effective amount. 

10 

3. A method of treating a Thl-mcdialed disease in a mammal comprising administrating to said mammal a 
therapeutically effective amount of a TCCR polypeptide antagonist. 

4. The method of claim 3, wherein the Thl -mediated disease is selected from the group consisting of 
15 autoimmune inflammatory disease and allograft rejection. 

5. The method of claim 4, wherein the autoimmune inflammatory disease is selected from the group 
consisting of allergic encephalomyelitis, multiple sclerosis, insulin-dependent diabetes mellitus, autoimmune 
uveoretinitis, inflammatory bowel disease and autoimmune thyroid disease. 

20 

6. The method of claim 3, wherein the antagonist is a small molecule. 

7. The method of claim 3, wherein the antagonist is an antiscnse oligonucleotide. 
25 8. The method of claim 7, wherein the oligonucleotide is RNA. 

9. The method of claim 7, wherein the oligonucleotide is DNA. 

10. The method of claim 3, wherein the antagonist is a TCCR variant lacking biological activity. 

30 

1 1 . The method of claim 3, wherein the antagonist is a monoclonal antibody. 

1 2. The method of claim 1 1 wherein the antibody has nonhuman complementarity determining region (CDR) 
residues and human framework region (FR) residues. 

35 

13. The method of claim 3 wherein the antagonist is an antibody fragment or a single-chain antibody. 

14. The method of claim 3 wherein the antagonist is a TCCR ligand. 
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15. A method of preventing, inhibiting or attenuating the differentiation of T-cells into the Th2 subtype, 
comprising the administration of an effective amount of a TCCR polypeptide or agonist thereof. 



16. The method of claim 15, wherein the preventing, inhibiting or attenuating occurs in a mammal and the 
5 effective amount is a therapeutically effective amount. 

17. A method of treating a Th2-mediated disease in a mammal comprising the administration to said mammal a 
therapeutically effective amount of a TCCR polypeptide or agonist. 

10 18. The method of claim 17, wherein the Th2-mediated disease is selected from the group consisting of: infectious 
diseases and allergic disorders. 

19. The method of claim 1 8, wherein the infectious disease is selected from the group consisting of.- Leishmania 
major, Mycobacterium leprae, Candida albicans. Toxoplasma gondi, respiratory syncytial virus and human 

15 immunodeficiency virus. 

20. The method of claim 1 8, wherein allergic disorder is selected form the group consisting of: asthma, allergic 
rhinitis, atopic dermatitis and vernal conjunctivitis. 

20 21 . The method of claim 15, wherein the agonist is a small molecule. 

22. The method of claim 15, wherein the agonist is a TCCR variant having biological activity. 

23. TTie method of claim 15, wherein the agonist is a monoclonal antibody. 

25 

24. The method of claim 23, wherein the antibody has nonhuman complementarity determining region (CDR) 
residues and human framework region (FR) residues. 

25. The method of claim 15, wherein the agonist is an antibody fragment or a single-chain antibody. 

30 

26. The method of claim 1 5, wherein the agonist is a stable TCCR ECD. 

27. A method for determining the presence of a TCCR polypeptide in a cell, comprising exposing the cell to an 
anti-TCCR antibody and measuring binding of the antibody to the cell, wherein binding of the antibody to 

35 the cell is indicative of the presence of TCCR polypeptide. 

28. A method of diagnosing a Thl -mediated or Th2-mediated disease in a mammal, comprising detecting the 
level of expression of a gene encoding a TCCR polypeptide (a) in a test .sample of tissue cells obtained from 
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the mannttnal, and (b) in a control sample of known normal tissue cells of the same cell type, wherein a lower 
expression level in the test sample as compared to the control sample indicates the presence of a Th2- 
mediated disorder and a higher expression level in the test sample as compared to the control sample 
indicates the presence of a Thl-mediated disorder. 

5 

29. A method for identifying a compound capable of inhibiting the expression of a TCCR polypeptide 
comprising contacting a candidate compound with the polypeptide under conditions and for a time sufficient 

to allow these two components to interact. 

10 30. The method of claim 29, wherein the candidate compound is itmnobilized on a solid support. 

3 1 . The method of claim 30, wherein the non-immobilized component carries a detectable label. 

32. A method for identifying a compound capable of inhibiting a biological activity of a TCCR polypeptide 
1 5 comprising contacting a candidate compound with the polypeptide under conditions and for a time sufficient 

to allow these two component to interact. 

33. The method of claim 32, wherein the candidate compound is immobilized on a solid support. 
20 34. The method of claim 33, wherein the non-immobilized component carries a detectable label. 
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MRGGRGAPFWLWPLPKLALLPLLWVLFQRTRPQGSAGPLQCTGVGPLGDLNCSWEPLGD 
LGAPSELHLQSQKYRSNKTQTVAVAAGRSWVAIPREQLTMS3KLLVWGTKAGQPLWPPV 
FVNLETQMKPNAPRLGPDVDFSEDDPLEATVHWAPPTWPSEaVLICQFHYRRCQEAAWT 

llepelktipltpveiqdleiiatgykvygrcrmekeedlwg2wspilsfqtppsapkdv 
wvsgnlcgtpggeeplllwkapgpcvqvsykvwfwvggrelspegitcccslipsgaew 
arvsavnatswepltnlslvcldsasaprsvavssiagstellvtwqpgpgeplehwd 

WARDGDPLEKLNWVRLPP6NLSAZjI.P6NFTV6VFYRITVTA7SAS6LASASSVWGFREE 
LAPLVGPTLWRLQDAPPGTPAIAWGEVPRHQLRGHIiTHYTLCAQSGTSPSVCMIilVSGNT 
QSVTLPDLPWGPCELWVTASTIAGQGPPGPILRLHLPDNTL3WKVLPGILFLWGLFLL6 
CGLSIiATSGRCYHLRHKVLPRWVWEKVPDPANSSSGQPHMEQVFEAQPLGDZiPlIiEVEE 
MEPPPVMESSQPAQATAPLDSGYEKHFLPTPEELGLLGPPRPQVLA 



MNRLRVARLTPLELLLSLMSLLLGTRPHGSPGPLQCYSVGPL6ILNCSWEPL6DLETPPV 
LYHQSQKYHPNRVWEVKVPSKQSWVTIPREQPTMADKLLIWSTQKGRPLWSSVSVNLETQ 
MKPDTPQIFSQVDISEEATLEATVQWAPPVWPPQKALTCQFRYKECQAEAWTRLEPQLKT 
DGLTPVEMQNLEPGTCYQVSGRCQVENGYPWGEWSSPLSFQTPFLDPEDVWVSGTVCETS 
GKRAALLVWraSPRPCVgVTYTVWFGAGDITTTQEEVPCCKSFVPANMEWAVVSPGNSTSW 
VPPTNLSLVCIJ^ESAPCDV6VSSAIX3SP6IKVTWKQGTRK?LEYVVDWAQDGDSLDKm 
WTRLPPGNLSTZJ^PGEFKGGVFYRITVTAVYSGGLAAAFSV'riGFREELVPIiAGPAVWRLP 
DDPPGTFWAWGEVPRHQLRGQATHYTFCIQSRGLSTVCRNTSSQTQTATLPNIiHSGSFK 
LWrVSWAGQGPPGPDLSLHLPDNRIRWKALPWFI.SLW6LLIiMGCGLSLASTRCLQARC 
LHWRHKLLPQWIWERVPDPANSNSGQPYIKEVSLPQPPKDGPILEVEEVELQPWESPKA 
SAPIYSGYEKHFLPTPEELGLLV 
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Primer / Probe Sequence SEQ ID NO: ,/ 

mTCCR, sense, Taqman TGGTCTCTCCTGGCAACAGC 5 

mTCCR, as, Taqman AGCCAAGCACACCAGAGACA " 6 

mTCCR, Taqman probe CAGCTGGGTGCCTCCCACCAA 7 ■ " ^ 

mRPL1 9, sense, Taqman ATCCGCAAGCCTGTGACTGT 8 

mRPL19, as, Taqman TCGGGCCAGGGTGTTTTT 9 

mRPL19, Taqman probe TTCCCGGGCTCGTTGCCG 10 

mILI 2Rb1 , sense, Taqman TCGCGTCTCTGGGAAGCT 1 1 

mILI 2Rb1 , as, Taqman TTTAAGCCAATGTATCCGAGACTG 1 2 

mILI 2Rb1 , Taqman probe CGCCAGCGTCCTCCTCGTGG 1 3 

mlL12Rb2, sense, Taqman CAAGCATTTGCATCGCTATCA 14 

ml LI 2Rb2, as, Taqman AATGCCTTTTGCCGGAAGT 15 

mlL12Rb2, Taqman probe ACGAATTGAGAACGTGCCCACCGT 16 
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Sequence Listing 



<110> Genentech, Inc. 

De Sauvage, Frederic 
Grewal , Iqbal 
Gurney, Austin L 

<120> TYPE I CYTOKINE RECEPTOR TCCR 

<130> P1748R1PCT 

<141> 2000-10-18 



<160> 16 

<210> 1 

<211> 636 

<212> PRT 

<213> Homo sapiens 



15 10 15 

Lys Leu Ala Leu Leu Pro Leu Leu Trp Val Leu Phe Gin Arg Thr 

20 25 30 

Arg Pro Gin Gly Ser Ala Gly Pro Leu Gin Cys Tyr Gly Val Gly 

35 40 45 

Pro Leu Gly Asp Leu Asn Cys Ser Trp Glu Pro Leu Gly Asp Leu 

50 55 60 

Gly Ala Pro Ser Glu Leu His Leu Gin Ser Gin Lys Tyr Arg Ser ■ 

65 70 75 

Asn Lys Thr Gin Thr Val Ala Val Ala Ala Gly Arg Ser Trp Val 

80 85 90 
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<210> 2 

<211> 623 

<212> PRT 

<213> Mus musculus 



15 10 15 

Leu Ser Leu Met Ser Leu Leu Leu Gly Thr Arg Pro His Gly Ser 

20 25 30 

Pro Gly Pro Leu Gin Cys Tyr Ser Val Gly Pro Leu Gly lie Leu 

35 40 45 

Asn Cys Ser Trp Glu Pro Leu Gly Asp Leu Glu Thr Pro Pro Val 

50 55 60 

Leu Tyr His Gin Ser Gin Lys Tyr His Pro Asn Arg Val Trp Glu 

65 70 75 

Val Lys Val Pro Ser Lys Gin Ser Trp Val Thr lie Pro Arg Glu 

80 85 90 
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Val Glu Glu Val Glu Leu Gin Pro Val Val Glu Ser Pro Lys Ala 
590 595 600 

Ser Ala Pro lie Tyr Ser Gly Tyr Glu Lys His Phe Leu Pro Thr 
5 605 610 615 

Pro Glu Glu Leu Gly Leu Leu Val 
620 

10 <210> 3 

<211> 2646 
<212> DNA 
<213> Homo sapiens 

15 <220> 

<221> unsure 

<222> 2433 

<223> unknown base 

20 <400> 3 





gtgggttcgg 


cttcccgttg 


cgcctcgggg 


gctgtaccca 


gagctcgaag 


50 




aggagcagcg 


cggcccgcac 


ccggcaaggc 


tgggccggac 


tcggggctcc 


100 


25 


cgagggacgc 


catgcgggga 


ggcaggggcg 


cccctttctg 


gctgtggccg 


150 




ctgcccaagc 


tggcgctgct 


gcctctgttg 


tgggtgcttt 


tccagcggac 


200 


30 


gcgtccccag 


ggcagcgccg 


ggccactgca 


gtgctacgga 


gttggaccct 


250 


tgggcgactt 


gaactgctcg 


tgggagcctc 


ttggggacct 


gggagccccc 


300 




tccgagttac 


acctccagag 


ccaaaagtac 


cgttccaaca 


aaacccagac 


350 


35 


tgtggcagtg 


gcagccggac 


ggagctgggt 


ggccattcct 


cgggaacagc 


400 




tcaccatgtc 


tgacaaactc 


cttgtctggg 


gcactaaggc 


aggccagcct 


450 


40 


ctctggcccc 


ccgtcttcgt 


gaacctagaa 


acccaaatga 


agccaaacgc 


500 


cccccggctg 


ggccctgacg 


tggacttttc 


cgaggatgac 


cccctggagg 


550 




ccactgtcca 


ttgggcccca 


cctacatggc 


catctcataa 


agttctgatc 


600 


45 


tgccagttcc 


actaccgaag 


atgtcaggag 


gcggcctgga 


ccctgctgga 


650 




accggagctg 


aagaccatac 


ccctgacccc 


tgttgagatc 


caagatttgg 


700 


50 


agctagccac 


tggctacaaa 


gtgtatggcc 


gctgccggat 


ggagaaagaa 


750 


gaggatttgt 


ggggcgagtg 


gagccccatt 


ttgtccttcc 


agacaccgcc 


800 




ttctgctcca 


aaagatgtgt 


gggtatcagg 


gaacctctgt gggacgcctg 


850 


55 


gaggagagga 


acctttgctt 


ctatggaagg 


ccccagggcc 


ctgtgtgcag 


900 




gtgagctaca 


aagtctggtt 


ctgggttgga 


ggtcgtgagc 


tgagtccaga 


950 


60 


aggaattacc 


tgctgctgct 


ccctaattcc 


cagtggggcg 


gagtgggcca 


1000 


gggtgtccgc 


tgtcaacgcc 


acaagctggg 


agcctctcac 


caacctctct 


1050 




ttggtctgct 


tggattcagc 


ctctgccccc 


cgtagcgtgg cagtcagcag 


1100 


65 


catcgctggg 


agcacggagc 


tactggtgac 


ctggcaaccg gggcctgggg 


1150 




aaccactgga 


gcatgtagtg 


gactgggctc 


gagatgggga 


ccccctggag 


1200 
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aaactcaact 


gggtccggct 


tccccctggg 


aacctcagtg 


ctctgttacc 


1250 


agggaatttc 


actgtcgggg 


tcccctatcg 


aatcactgtg 


accgcagtct 


1300 


ctgcttcagg 


cttggcctct 


gcatcctccg 


tctgggggtt 


cagggaggaa 


1350 


ttagcacccc 


tagtggggcc 


aacgctttgg 


cgactccaag 


atgcccctcc 


1400 


agggaccccc 


gccatagcgt 


ggggagaggt 


cccaaggcac 


cagcttcgag 


1450 


gccacctcac 


ccactacacc 


ttgtgtgcac 


agagtggaac 


cagcccctcc 


1500 


gtctgcatga 


atgtgagtgg 


caacacacag 


agtgtcaccc 


tgcctgacct 


1550 


tccttggggt 


ccctgtgagc 


tgtgggtgac 


agcatctacc 


atcgctggac 


1600 


agggccctcc 


tggtcccatc 


ctccggcttc 


atctaccaga 


taacaccctg 


1650 


aggtggaaag 


ttctgccggg 


catcctattc 


ttgtggggct 


tgttcctgtt 


1700 


ggggtgtggc 


ctgagcctgg 


ccacctctgg 


aaggtgctac 


cacctaaggc 


1750 


acaaagtgct 


gccccgctgg 


gtctgggaga 


aagttcctga 


tcctgccaac 


1800 


agcagttcag 


gccagcccca 


catggagcaa 


gtacctgagg 


cccagcccct 


1850 


tggggacttg 


cccatcctgg 


aagtggagga 


gatggagccc 


ccgccggtta 


1900 


tggagtcctc 


ccagcccgcc 


caggccaccg 


ccccgcttga 


ctctgggtat 


1950 


gagaagcact 


tcctgcccac 


acctgaggag 


ctgggccttc 


tggggccccc 


2000 


caggccacag 


gttctggcct 


gaaccacacg 


tctggctggg 


ggctgccagc 


2050 


caggctagag 


ggatgctcat 


gcaggttgca 


ccccagtcct 


ggattagccc 


2100 


tcttgatgga 


tgaagacact 


gaggactcag 


agaggctgag 


tcacttacct 


2150 


gaggacaccc 


agccaggcag 


agctgggatt 


gaaggacccc 


tatagagaag 


2200 


ggcttggccc 


ccatggggaa 


gacacggatg 


gaaggtggag 


caaaggaaaa 


2250 


tacatgaaat 


tgagagtggc 


agctgcctgc 


caaaatctgt 


tccgctgtaa 


2300 


cagaactgaa 


tttggacccc 


agcacagtgg 


ctcacgcctg 


taatcccagc 


2350 


actttggcag 


gccaaggtgg 


aaggatcact 


tagagctagg 


agtttgagac 


2400 


cagcctgggc 


aatatagcaa 


gacccctcac 


tanaaaaata 


aaacatcaaa 


2450 


aacaaaaaca 


attagctggg 


catgatggca 


cacacctgta 


gtccgagcca 


2500 


cttgggaggc 


tgaggtggga 


ggatcggttg 


agcccaggag 


ttcgaagctg 


2550 


cagggacctc 


tgattgcacc 


actgcactcc 


aggctgggta 


acagaatgag 


2600 


accttatctc 


aaaaataaac 


aaactaataa 


aaaaaaaaaa 


aaaaaa 2646 



<210> 4 

<211> 2005 

<212> DNA 

<213> Mus musculus 

<400> 4 

tcggttctat cgatggggcc atgaaccggc tccgggttgc acgcctcacg 50 
ccgttggagc ttctgctgtc gctgatgtcg ctgctgctcg ggacgcggcc 100 



6 



ccacggcagt 


ccaggcccac 


tgcagtgcta 


cagcgtcggt 


cccctgggaa 


150 


tcctgaactg 


ctcctgggaa 


cctttgggcg 


acctggagac 


tccacctgtg 


200 


ctgtatcacc 


agagtcagaa 


ataccatccc 


aatagagtct 


gggaggtgaa 


250 


ggtgccttcc 


aaacaaagtt 


gggtgaccat 


tccccgggaa 


cagttcacca 


300 


tggctgacaa 


actcctcatc 


tgggggacac 


aaaagggacg 


gcctctgtgg 


350 


tcctctgtct 


ctgtgaacct 


ggagacccaa 


atgaagccag 


acacacctca 


400 


gatcttctct 


caagtggata 


tttctgagga 


agcaaccctg 


gaggccactg 


450 


tgcagtgggc 


gccgcccgtg 


tggccaccgc 


agaaagctct 


cacctgtcag 


500 


ttccggtaca 


aggaatgcca 


ggctgaagca 


tggacccggc 


tggagcccca 


550 


gctgaagaca 


gatgggctga 


ctcctgttga 


gatgcagaac 


ctggaacctg 


600 


gcacctgcta 


ccaggtgtct 


ggccgctgcc 


aggtggagaa 


cggatatcca 


650 


tggggcgagt 


ggagttcgcc 


cctgtccttc 


cagacgccat 


tcttagatcc 


700 


tgaagatgtg 


tgggtatcgg 


ggaccgtctg 


tgaaacttct 


ggcaaacggg 


750 


cagccctgct 


tgtctggaag 


gacccaagac 


cttgtgtgca 


ggtgacttac 


800 


acagtctggt 


ttggggctgg 


agatattact 


acaactcaag 


aagaggtccc 


850 


gtgctgcaag 


tcccctgtcc 


ctgcatggat 


ggagtgggct 


gtggtctctc 


900 


ctggcaacag 


caccagctgg 


gtgcctccca 


ccaacctgtc 


tctggtgtgc 


950 


ttggctccag 


aatctgcccc 


ctgtgacgtg 


ggagtgagca 


gtgctgatgg 


1000 


gagcccaggg 


ataaaggtga 


cctggaaaca 


agggaccagg 


aaaccattgg 


1050 


agtatgtggt 


ggactgggct 


caagatggtg 


acagcctgga 


caagctcaac 


1100 


tggacccgtc 


tcccccctgg 


aaacctcagc 


acattgttac 


caggggagtt 


1150 


caaaggaggg 


gtcccctatc 


gaattacagt 


gactgcagta 


tactctggag 


1200 


gattagctgc 


tgcaccctca 


gtttggggat 


tcagagagga 


gttagtaccc 


1250 


cttgctgggc 


cagcagtttg 


gcgacttcca 


gatgaccccc 


cagggacacc 


1300 


tgttgtagcc 


tggggagaag 


taccaagaca 


ccagctcaga 


ggccaggcta 


1350 


ctcactacac 


cttctgcata 


cagagcagag 


gcctctccac 


tgtctgcagg 


1400 


aacgtgagca 


gtcaaaccca 


gactgccact 


ctgcccaacc 


ttcactcggg 


1450 


ttccttcaag 


ctgtgggtga 


cggtgtccac 


cgttgcagga 


cagggcccac 


1500 


ctggtcccga 


cctttcactt 


cacctaccag 


ataataggat 


caggtggaaa 


1550 


gctctgccct 


ggtttctgtc 


cctgtggggt 


ttgcttctga 


tgggctgtgg 


1600 


cctgagcctg 


gccagtacca 


ggtgcctaca 


ggccaggtgc 


ttacactggc 


1650 


gacacaagtt 


gcttccccag 


tggatctggg 


agagggttcc 


tgatcctgcc 


1700 


aacagcaatt 


ctgggcaacc 


ttacatcaag 


gaggtgagcc 


tgccccaacc 


1750 


gcccaaggac 


ggacccatcc 


tggaggtgga 


ggaagtggag 


ctacagcctg 


1800 
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ttgtggagtc ccctaaagcc tctgccccga tttactctgg gtatgagaaa 1850 

cacttcctgc ccacaccaga ggagctgggc cttctagtct gatctgctta 1900 

cggctagggg ctgtacccct atcttgggct agacgttcta gagtcgaccg 1950 

cagaagcttg gccgccatgg cccaacttgt ttattgcagc ttataatgtt 2000 

aaata 2005 

<210> 5 
<211> 20 
<212> DNA 

<213> Mus musculus 

<400> 5 
tggtctctcc tggcaacagc 20 

<210> 6 

<211> 20 

<212> DNA 

<213> Mus musculus 



<210> 7 

<211> 21 

<212> DNA 

<213> Mus musculus 

<400> 7 
cagctgggtg cctcccacca a 21 

•<210> 8 

<211> 20 

<212> DNA 

<213> Mus musculus 

<400> 8 
atccgcaagc ctgtgactgt 20 

<210> 9 

<211> 18 

<212> DNA 

<213> Mus musculus 

<400> 9 
tcgggccagg gtgttttt 18 

<210> 10 

<211> 18 

<212> DNA 

<213> Mus musculus 



<210> 11 

<211> 18 

<212> DNA 

<213> Mus musculus 



<210> 12 
<211> 24 
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<212> DNA 

<213> Mus musculus 

<400> 12 

5 tttaagccaa tgtatccgag actg 24 

<210> 13 
<2H> 20 
<212> DNA 
10 <213> Mus musculus 

<400> 13 
cgccagcgtc ctcctcgtgg 20 

15 <210> 14 

<211> 21 

<212> DNA 

<213> Mus musculus 

20 <400> 14 

caagcatttg catcgctatc a 21 

<210> 15 
<211> 19 
25 <212> DNA 

<213> Mus musculus 

<400> 15 
aatgcctttt gccggaagt 19 

30 

<210> 16 

<211> 24 

<212> DNA 

<213> Mus musculus 

35 

<400> 16 
acgaattgag aacgtgccca ccgt 24 



40 
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